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EXECUTIVE SUMMARY 

Date: 18 July 1990 
Revision No.: Final 

The Mound Facility is located in Miamisburg, Ohio, 12 miles 
south of Dayton, Ohio. The facility is operated by EG&G Mound 
Applied Technologies (MAT) for the U.S. Department of Energy 
(DOE). The U.S. DOE Mound Plant (Mound) is an integrated re
search, development, and production facility performing work in 
support of DOE weapons and energy programs, with emphasis on 
explosives and nuclear technology. 

Manufacture, handling, and star age operations have resulted in 
the generation of wastes regulated by the Resource Conservation 
and Recovery Act (RCRA) and the Department of Energy. To ad
dress the resulting waste management issues, Mound constructed 
a glass melt furnace for thermal treatment of generated wastes. 

Mound proposes to conduct a trial burn program to demonstrate 
the effectiveness of the thermal treatment unit in destroying 
organic hazardous constituents in waste feed. The waste feed 
will contain metals and waste constituents regulated by RCRA. 
No radioactive wastes will be evaluated during the trial burn 
program. Through testing, the fate of the metals and waste 
constituents will be determined. 

The trial burn program will consist of two operating scenarios: 

( 1) Scenario 1 - Treatment of a liquid waste with a high 
heating value, and 

( 2) Scenario 2 - Treatment of an aqueous waste with a low 
heating value. 

Each scenario will consist of three independent tests. 
will be included in the feed during each test. 

Metals 

The purpose of this Trial Burn Plan is to provide a detailed 
description of the trial burn program. The objectives of the 
trial burn program, a description of the process, a summary of 
waste constituents, sampling and analytical protocol, and oper
ating conditions are contained in this Trial Burn Plan. 

ES-1 
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The U.S. Department of Energy {DOE) Mound Plant (Mound) in Mi
amisburg, Ohio contains a glass melt furnace for thermal treat
ment of hazardous waste. Mound proposes to conduct a trial 
burn program to demonstrate the effectiveness of the thermal 
treatment unit for destruction of organic hazardous constit
uents in waste feed. The waste feed will contain metals and 
waste constituents regulated by the Resource Conservation and 
Recovery Act (RCRA) . Through testing, the fate of the metals 
and waste constituents will be determined. 

The trial burn program will consist of two operating scenarios: 
( 1) Scenario l - treatment of a 1 iquid waste with a high
heating value, and (2) Scenario 2 - treatment of an aqueous 
waste with a low-heating value. Each scenario will consist of 
three independent tests. Metals will be included in the feed 
during each test. 

1.1 OBJECTIVES OF THE TRIAL BURN 

The primary objective of the trial burn program is to demon
strate a contaminant destruction and removal efficiency (DRE) 
of at least 99.99 percent for the designated principal organic 
hazardous constituents (POHCs). For the testing program, the 
selected POHCs are tetrachloromethane (carbon tetrachloride) 
and tetrachloroethylene (PCE). The DRE will be demonstrated 
separately for each POHC. The secondary objective of the trial 
burn is to establish the fate of the metals (antimony, arsenic, 
barium, beryllium, cadmium. chromium, lead, mercury, selenium, 
silver, and thallium). 

1 . 2 EXEMPTI ONS 

Mound is not requesting an exemption for the trial burn testing. 

1 .3 REGULATORY REQUIREMENTS 

The glass melt furnace will be used for treatment of "mixed" 
waste (i.e., combination of hazardous and radioactive wastes). 
The regulations applicable for treatment of hazardous wastes 
are provided in Chapter 40 of the Code of Federal Regulations 
(CFR) Subpart 2~4_1'4Jl_. The glass melt furnace is designed to 
comply with the--required performance standards. The trial burn 
program will demonstrate the capability of the furnace. to meet 
performance standards, while processing a hazardous waste feed. 

The u.s. 
rules for 
(National 
(NESHAPS)) 

0169L 

Environmental Protection Agency (EPA) issued final 
radionuclide emissions to air under 40 CFR Part 61 
Emission Standards for Hazardous Air Pollutants 

on 31 October 1989. The national emissions stan-

l-1 
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dards for emissions of radionuclides (other than radon) from 
DOE facilities are provided in subpart H of 40 CFR Part 61. 

Regulations indicate that emissions of radionuclides to the am
bient air from DOE facilities shall not exceed those amounts 
that would cause any member of the public to receive in any 
year an effective dose equivalent (EDE) of 10 mrem/year. In 
this application, facility means all buildings, structures, and 
operations on one contiguous site. To determine compliance 
with the standard, EG&G currently measures the amount of radio
nuclide emissions from point sources using in-line detectors. 
Previous annual reports submitted to the DOE indicate that the 
facility is in compliance with the EDE standard. 

Operation of the glass melt furnace will be classified as new 
construction or a modification. As stated in the regulations, 
a change that results in any increase in the rate of emissions 
is a modification, no matter how small the increase. Regula
tions further stipulate that if the estimated maximum individ
ual dose added by the new construction or modification is less 
than 1 percent of the standard (i.e., 1 percent of 10 mrem/
year, or 0.10 mrem/year), the modification or new construction 
does not need prior approval (notification and startup require
ments). The EDE for the new construction or modification is 
calculated using- computer modell> pr()Yicl.e<t by the EPA. As out
lined in 40 CFR 61.93 (a), emission monitoring and compliance 
procedures for DOE facilities require the use of the CAP-88 or 
AIRDOS-PC computer models, or other approved procedures, to 
calculate the EDE to members of the public. An evaluation of 
emissions of radionuclides from the glass melt furnace was con
ducted using EPA's AIRDOS-PC model. 

The types and activity feed rates of radionuclides expected to 
be present in the furnace feed stream are shown on Table 1-1. 
The maximum distribution (i.e., millicurie percentage) of ra
dionuclides is also shown. Actual activities expected to be 
present in the feed are substantially lower. As shown, during 
riormal operations the major activity component of the mixed 
waste is expected to be tritium (Hydrogen-3). The mixed waste 
also is expected to contain Plutonium-238 and trace quantities 
of 12 other radioactive isotopes. The current data library for 
AIRDOS-PC, version 3.0, does not include Plutonium-238, there
fore, for purposes of modeling, Plutonium-239 was substituted 
for Pu-238 (U.S. EPA, 1990). The 12 trace radionuclides listed 
in Table l-1 are estimated based on the typical isotopic im
purities of the weapons grade Pu-238 used at Mound. The trace 
radionuclides collectively constitute a very minor contribution 
to the total activity in the waste feed and projected emissions. 
The trace radionuclides were conservatively modeled as Th-232. 

The waste feed to the glass melt furnace will be regulated so 
as to be in compliance with the exemption criteria of 0 .10 
mrem/year. As such, the modeling was conducted to back
calculate the quantity of radionuclides that could be treated 
and which would guarantee that the exemption criteria were not 
exceeded. Two scenarios were evaluated, as follows: 

1-2 
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Radionuclide 

Am-241 

Co-60 

Cs-137 

H-3 

Pu-238 

Pu-239 

Pu-240 

Pu-241 

Pu-242 

Th-228 

Th-230 

Th-232 

U-235 

U-238 

0169L 

Table 1-1 

Date: 18 July 1990 
Revision No.: Final 

Maximum Distribution of 
Radionucl ides in Waste Feed 

Activity Feed Rate Percentage Activity 
(Millicuries/hr) In Feed (%) 

0.0089 0.0056 

0.0089 0.0056 

0.0089 0.0056 

159 99.7323 

0.32 0.2007 

0.0089 0.0056 

0.0089 0.0056 

0.0089 0.0056 

0.0089 0.0056 

0.0089 0.0056 

0.0089 0.0056 

0.0089 0.0056 

0.0089 0.0056 

0.0089 0.0056 
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Scenario 1 - Evaluation conducted based on the ex
pected waste composition (shown on Table 1-1) 

• Scenario 2 - Evaluation conducted for each individual 
radionuclide (as though fed separately) 

Regulations indicate that adjustments can be made to account 
for radionuclide removal associated with effluent controls (Ap
pendix D to 40 CFR Part 61) . Adjustments are based on the 
physical state of the radionuclide and control devices instal
led between the place of use and the point of release. For the 
glass melt furnace, it was assumed that all radionuc 1 ides are 
in the gaseous state until cooled in the scrubber. Upon 
cooling (and prior to release) all isotopes but hydrogen-3 
(tritium) are assumed to return to the particulate state. The 
following procedure was used to back calculate feed rates: 

• Allowable emissions for each scenario were determined 
using the AIRDOS-PC model. 

• Emissions 
factor of 
(Klingler 

for tritium were divided by an adjustment 
0.14 for capture in the scrubber liquid 
and Armstrong, 1985; 1988). 

• Emissions for all isotopes but tritium were divided by 
an adjustment factor of ro-3 fot physical state 
(i.e., particulate) (40 CFR 61 Appendix D). 

• Adjusted emissions for all isotopes but tritium were 
divided by an adjustment factor of o. 01 for part icu
lates captured in HEPA filters (40 CFR 61 Appendix D). 

Appendix D of 40 CFR Part 61 also allows for an additional 
adjustment factor of 0.05 for particulates captured in the 
venturi scrubber; however, as an additional conservatism, this 
emission reduction factor was not included in this analysis. 

AIRDOS-PC was used to estimate radionuclide emission rates for 
each scenario. The effective dose equivalent to a hypothetical 
receptor located at the Mound Plant boundary in the predominant 
wind direction (470 meters north-northeast) was limited to 0.1 
mrem/year. 

The allowable emission rates associated with scenario 1 (ex
pected waste composition) are provided on Table 1-2. Calculat
ions determine that operation of the glass melt furnace at the 
maximum activity feed rates (shown on Table 1-1) for 2,000 
hours per year results in emissions that are 60 percent lower 
than limits shown on Table 1-2. Allowable emission rates for 
scenario 2 (individual radionuclides) are presented in Table 
1-3. Copies of the computer printout results from the AIRDOS-PC 
model runs are provided in Appendix A. 

1-4 
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Table 1-2 
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Scenario 1 -AI lowable Emissions and Feed Limitations 
Based on Expected Waste Compositiona 

Allowable 
Emission Rate Feed Rate 

Radionuclide (Millicuries/yr) (Curies/yr) 

H-3 107,000 760 

Pu-238b 0.015 1.5 

Th-232C 0.005 0.5 

aEffective Dose Equivalent of 0.1 mrem/yr. 
bplutonium-239 used as surrogate for Pu-238 in the model. 
CRemaining radionuclides in source term (other than H-3 and 

Pu-238) conservatively modeled as Th-232 (i.e., Am-241, Co-60, 
Cs-137, Pu-239, Pu-240, Pu-241, Pu-242, Th-228, Th-230, U-235, 
and U-238). 

l-5 
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Table 1-3 
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Scenario 2- Maximum Allowable 
Emissions and Feed Limitations 

Based on Feed of Individual Radionucl idesa 

Allowable 
Emission Ratea Feed Rated 

Radionuclide Mi llicuries/yr Curies/yr 

H-3 ll5, 000 820 

Pu-238b 0.28 28 

Th-232C 0.29 29 

aEffective Dose Equivalent of 0.10 mrem/yr. 
bplutonium-239 used as surrogate for Pu-238 in the model. 
CRemaining radionuclides in source term (other than H-3 and 
Pu,-238)conservativcely modeledas Th-232 (i.e., Am-241, Co-60, 
Cs-137, Pu-239, Pu-240, Pu-241, Pu-242, Th-228, Th-230, 
U-235 and U-238). 

dBased on feed of individual radionuclide only. Combination 
of radionuclides will result in lower feed rates. 

1-6 
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No radionuclides will be evaluated in 
since the waste feed will be controlled 
does not exceed 0.10 rnrem/year. 

the trial burn program 
to ensure that the EDE 

1.4 DOCUMENT ORGANIZATION 

The information contained in this document has been organized 
into the following sections: 

Section 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 

Title 

Introduction 
Pre-Trial Burn Activities 
Process Description 
Waste Analysis 
Detailed Engineering Description 
Sampling and Analysis Procedures 
Trial Burn Schedule 
Trial Burn Protocol 
Operating Conditions for Emissions 

Control Equipment 
Shutdown Procedures 
References 

The following information is appended: 

• Appendix A -- Determination of Radionuclide Emissions 

e Appendix B Summary Reports for Trial Burn Test 
Programs Previously Conducted 

Appendix c -- Waste Types to be Treated at the u.S. 
Department of Energy (DOE) Mound Plant 

Appendix D Determination of Metals Regulations 

• Appendix E -- Analytical Methods for Liquid, Sludge, 
and Solid Samples 

Appendix F 
Stack Gases 

Sampling and Analytical Methods for 

• Appendix G -- Quality Assurance/Quality Control Plan 

1-7 
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SECTION 2 

PRE-TRIAL BURN ACTIVITIES 

2.1 PREVIOUS OPERATIONS AND TESTS 

Two test programs were previously conducted to 
performance characteristics of the glass melt 
burning RCRA-regulated organic wastes. 

determine the 
furnace when 

In January 1985, while operating under interim status, nine 
trial burns were conducted. Simulated wastes containing RCRA 
Appendix VIII listed hazardous constituents were treated in the 
glass melter. During these experiments, full process and offgas 
monitoring was conducted following EPA protocols. It was found 
that the POHC destruction and removal efficiencies and hydrogen 
chloride and particulate removal efficiencies readily met regu
latory requirements for incinerators. 

In June 1987, other simulated wastes were burned. During these 
tests, the composition of the waste was based on a stream gen
erated at the explosive production facility located at the U.S. 
DOE Mound Plant (Mound). The waste feed streams varied from ex
tremely low heating value, highly aqueous mixtures to mod
erately high heating value mixtures. Methylene chloride was 
selected as the principal organic hazardous constituent for the 
tests. Known quanti ties of methylene chloride were added to 
the waste feed streams. Results again showed that the furnace 
provided the conditions necessary to destroy difficult-to
incinerate hazardous organics and thus met applicable regu
latory standards. 

Although the test results met the required criteria, both test 
programs were conducted independently, without EPA supervision. 
Therefore, the tests were not considered as successful demon
strations for regulatory purposes. Detailed information on 
these test programs is contained in Appendix B. The glass melt 
furnace has been idle since 25 September 1987. 

2.2 INCINERATOR STARTUP/SHAKEDOWN OPERATIONS 

Mound will perform startup and shakedown operations at the fa
cility to recommission and to bring the glass melt furnace back 
to a point of operational readiness for the trial burn. Fol
lowing the startup and shakedown operations, Mound will conduct 
the formal trial burn program. 

Startup/Shakedown Period 

The trial burn program will be performed after a maximum of 720 
hours of startup and shakedown operations. 

2-1 
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Startup/Shakedown Performance 

The glass melt furnace is designed to comply with the following 
performance standards: 

., Destruction and removal efficiency (DRE) of > 99.99 
percent for principal organic hazardous constitu-ents . 

., HCl emissions -- Controlled to < 1 percent of the HCl 
in the exhaust prior to treatment by pollution abate
ment equipment. 

Particulate emissions -- Controlled to < 
dry standard cubic foot (dscf), corrected 
oxygen. 

0.08 grain/ 
to 7 percent 

Operating conditions during startup and shakedown are con
trolled to the extent necessary to ensure compliance with these 
requirements. During startup/shakedown, the operating condi
tions shown in Table 2-1 will be maintained or the unit will be 
shutdown and modified to meet the required conditions. During 
shakedown operations, non-waste surrogates will be introduced 
into the system. 

Startup/Shakedown Conditions 

Startup/shakedown activities will be conducted to bring the 
melter back to a point of operational readiness. Prior to 
testing the melter for compliance with DRE requirements and 
particulate and HCl emission rates, Mound will place restric
tions on waste material fed to the melter. Startup of the 
system will commence when all systems have been tested and 
calibrated. The primary objective of system startup testing is 
to verify that all of the process monitoring and control de
vices are operational prior to introducing any waste to the 
melter. The parameters that will be monitored during the 
shakedown operations are presented in Table 2-1. 

During startup/shakedown, a surrogate feed stream consisting of 
No. 2 fuel oil will be used to simulate the physical and ther
mal (heating value) characteristics of the waste feed. Cali
bration checks will be performed on all systems to verify per
formance and to make adjustments necessary to meet the design 
operating parameters. 

2-2 
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Shakedown/Startup System Operating Limits 

Parameter 

1. Waste feed rate (lb/hr) 

2. Molten glass temperature (°F) 

3. Combustion gas temperature (°F) 

4. Fan exhaust temperature (°F) 

5. Combustion gas flow rate (acfm) 

6. Carbon monoxide concentration of 
exit gas (ppm) 
(a) Instantaneous 
(b) Average 

7. Recirculating water flow rate 
(gpm) 

8. Scrubber liquid pH 

NA = Not Applicable 
lb/hr = pounds per hour 
acfm = actual cubic feet per minute 
ppm = parts per million 
gpm = gallons per minute 

2-3 
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Maximum 
Limit 

70 

2,500 

2,500 

205 

600 

100 
100 

NA 

NA 

Minimum 
Limit 

NA 

1,600 

1,500 

NA 

0 

NA 
NA 

15 
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PROCESS DESCRIPTION 
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The thermal treatment system is located in an addition on the 
west side of the liquid waste disposal (WD) building. The 
addition consists of an 18-ft wide x 57-ft long x 24-ft high 
bay area. From the foundations to the ground level, the bay is 
constructed of poured-in-place reinforced concrete. Above 
ground level, the exterior walls are constructed of concrete 
blocks. Reinforced concrete beams are provided at the top of 
the masonry walls and at mid-height. The roof is built on a 
precast hollow concrete slab spanning across the exterior 
walls. Windows along the north, south, and west walls of the 
addition have been removed and the openings closed with 
concrete blocks. 

3.1 OVERALL SYSTEM DESCRIPTION 

A schematic flow diagram of the thermal treatment ::;ystem is 
shown in Figure 3-1. The thermal treatment system J.n use at 
the U.S. DOE Mound Plant (Mound) consists of an electrically 
heated glass melter, connected to a wet offgas scrubber system. 

Prior to waste introduction, molten glass is formed in the 
furnace. Glass frit or glass batch chemicals (including but 
not limited to sand) are added to the furnace and heated to 
about 1400°F with a propane burner. Once glass reaches the 
molten state it will conduct electricity. The burner is then 
turned off and heat for maintaining or increasing the glass 
temperature is generated from the resistance of the glass to an 
electrical current passing through it. 

Wastes are then added to the furnace through a port located in 
the furnace ceiling, as shown on Figure 3-2. Combustibles 
instantly ignite as they enter the chamber. Ash and incomplete
ly burned solids and liquids fall directly onto the molten 
glass surface where combustion is completed. The ash is in
corporated into the. glass. Air for combustion is supplied 
through ports on both side walls. Air is induced by the offgas 
system exhaust fans. 

Offgases exit _the furnace through an exhaust port located in 
the ceiling at the end of the chamber opposite the feed port. 
The gases enter an offgas handling system. A quench tank and 
venturi scrubber combine to cool gases to less than 1B0°F, 
remove particulate matter, and neutralize acid gases generated 
in.the combustion process. Sodium hydroxide (NaOH) is used for 
neutralization. The spent scrubber solution is filtered and 
recycled. Cooled gases are directed through a cyclone demister 

3-l 
Ol70L 





To Atmosphere 

A 
I 

HEPA Filters 

Emergency Vent A 
I 

~: 
I Vent 

Charge * I Air I 

I I 
I 

I I 

' 
I 

Auxiliary Fuel I 

(Cold Start-Up Only) ------------
I (Propane) 
·----~ 

Glass Off 
Melt 

Gases Furnace 

I Liquid/Aqueous 
Waste I 

I 
I 

• Molten 
Glass 

* Charge Consists of Glass Frit or Glass Batch 
Chemicals (includes but not limited to Sand) 

204-104Bi 

r Ouench 

' Tank 

Ht3at 
Exchanger 

I' 

1 t 
Scrubber 

Filter ~~ Recycle 
Tank 

' Pump 

• • Leaf Filter Slowdown 
Sludge 

l It 

Venturi Cyclone 
Scrubber Demister 

"" Caustic Solution 

Makeup Water 

/ 

M 
Exhausters (2) 

LEGEND 

_ ___,.. Continuous Flows 

••••• ~ Intermittent Flows 

To 
Atmosphere 

HEPA 
Filters 

FIGURE 3-1 BLOCK FLOW DIAGRAM 
OF GLASS MELT FURNACE 

3-2 





w 
' w 

204-1048g 

Propane 
Burner 

Feed 
Hopper 

l.E---+-------- 7 Feet-------------'-~ 

0 0 0 0 0 

Combustion Air Inlets ""' ~ i Viewport 
)/)// 

3 1/2 Feet 

0 0 0 0 0 

?J/ A / Y / Y / :r / J? / ;7 / ;7 / ;7 / y /~ Electrodes 

Drain 

FIGURE 3-2 SCHEMATIC DIAGRAM OF GlASS MElT FURNACE 

® 



I 

I 

Date: 18 July 1990 
Revision No.: Final 

and discharged through exhausters and high efficiency particu
late air (HEPA) filters to the atmosphere. 

Scrubber solution is 
operations to avoid 
solution. 

occasionally discharged during 
buildup of salts and tritium 

normal 
in the 

The furnace is also provided with an emergency pressure relief 
valve. The pressure relief valve is vented through HEPA filters 
and into the building exhaust duct. 

The three major components of the system, the glass melt fur
nace, the off gas system, and the scrubber liquid system, are 
described in Subsections 3.2, 3.3, and 3.4, respectively. 

3.2 GLASS MELT FURNACE 

The glass melter (Pyro-ConverterTR), purchased from Penberthy 
Electromelt International, Inc., is of relatively standard 
manufacturer design. Modifications from the standard design 
requested by Mound were primarily related to furnace dimen
sions, waste feed techniques, and the location of feed and 
exhaust ports. These modifications were made to maximize gas 
residence time in tll€l chotmber. The m&nufacturer also was 
requested to provide a gas-tight outer covering for radio
activity control and extra external water cooling to minimize 
air cooling requirements. 

The glass mel ter is an elongated chamber, designed to provide 
sufficient residence time to permit complete combustion of 
hazardous waste compounds. Figure 3-2 shows a schematic dia
gram of the glass melt furnace. 

Two unique features make this joule-heated glass furnace 
attractive for waste treatment application: (1) waste is 
treated and toxic substances and radionuclides are immobilized 
by the molten glass bed; (2) the chamber is maintained at a 
uniformly high temperature without dependence on oxidative 
combustion. 

Energy to maintain glass in the mol ten state and to heat the 
chamber walls and gases is supplied electrically. Electricity 
is supplied to the furnace via a 150 kilovolt-ampere (kVA), 
three-phase, 460-volt alternating current. Up to 150 kilowatts 
(kW) of power are available. The power supply is controlled by 
a three-phase, phase angle-firing silicone controlled recti
fier (SCR) unit. Control is achieved by regulating the level 
of voltage to the furnace. The voltage determines the magni
tude of the current supply (current = voltage/furnace resist
ance), which in turn controls the power (power = voltage x 
current). Each phase of the three-phase electrical system has 
an SCR control unit. The SCR units are manually regulated by 
an operator on the basis of voltage, current, and power meter 
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indicators, or automatically regulated by temperature control
lers that activate the SCR units to maintain a set internal 
electrode temperature. In either case, current limiters built 
into the SCR units provide protection against over-current 
situations. Output of the SCR units is wired to electrode 
pairs in the furnace. Resistance to the current flow between 
electrodes generates the heat for the process. 

3.3 OFFGAS SYSTEM 

Initial gas treatment takes place in a vertical stainless steel 
quench tank. Hot gases exiting the glass furnace enter the 
quench tank through a side port near the base of the tank and 
exit at the top of the tank. Full-cone spray nozzles are 
spaced along the vertical center line and introduce recycled 
quench water counter-current to the ascending gases. 

Two addi tiona! spray nozzles are located off-center to ensure 
the walls opposite the hot-gas inlet port are well wetted. The 
tank drains at its dish-shaped base directly into the scrubber 
recycle tank. 

Wet scrubbing is completed in a high-energy venturi scrubber. 
A well-protected slide assembly adjusts the venturi throat slit 
to change the gas pressure differential across the throat. 
Manufacturer specifications call for a 104-centimeter (em) 
water pressure differential to meet a particle removal effici
ency of 99 percent (by weight) for an inlet gas particle 
loading of 1.15 grams (g)/cubic meter having a particle size 
distribution of: 

Iii 100 percent below 7.0 micron 
Iii 98 percent below 2.7 micron 
10 92 percent below 1.6 micron 
• 89 percent below 1.1 micron 
• 74 percent below 0.56 micron 
• 56 percent below 0. 35 micron 

Spray nozzles deliver caustic scrubber solution as fine drop
lets into the throat, wetting the metal surfaces and allowing 
the liquid to capture particles in the submicrometer size range. 

The throat opens into a ribbed cylinder. High-velocity waste 
gases are directed tangentially into the cylinder. Additional 
scrubber liquid is pumped into the swirl causing an agglomera
tion of small droplets. Gases and entrained droplets exit the 
bottom of the cylinder and enter a cyclone demister. Droplets 
are forced into the demister wall by centrifugal force and are 
swept to the chamber's conical base by streams of water admit
ted to the cylinder upper wall. Solution from the venturi cyl
inder and dernister drains to the scrubber recycle tank. Gases 
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leave the cyclone demister and flow through a heat-traced and 
insulated duct to the vent system fans (i.e., exhausters). 

Two exhausters are installed in series and maintain the nega
tive pressure necessary to induce proper air flow through the 
combustion chamber. A differential pressure of approximately 
260 em water gauge is supplied by the combined exhausters. 

A butterfly valve following the exhausters is used in conjunc
tion with the slide assembly to adjust the venturi scrubber 
throat to control gas flow through the system. Gases leaving 
the thermal treatment system flow through building exhaust 
ducts and through HEPA filters before being released to the 
atmosphere. 

3.4 SCRUBBER LIQUID SYSTEM 

A recycling, liquid system provides the quench water and caus
tic solution for offgas cleanup. Scrubber solution is stored 
in a stainless steel recycle tank. The quench tank, venturi 
scrubber, and cyclone demister drain by gravity into the scrub
ber recycle tank during offgas system operation. The tank is 
supplied with a volume measurement device and a pH probe. A pH 
controllerconstantly monitors scrubber liquid pH. Caustic is 
manually added through a metering pump to maintain the pH 
within the range of 7 to 10. The tank functions not only as a 
receptacle for recycled liquid, but also as a reservoir that 
moderates the rate of pH and temperature change in the scrubber 
system. 

The scrubber recycle tank also supplies positive pressure on 
the suction side of the system's centrifugal pump. The pump 
withdraws liquid from the bottom drain of the recycling tank 
for discharge into the nozzles in the quench tank, venturi 
scrubber, and cyclone demister. 

En route to the quench tank, scrubber and demister, the re
cycled solution passes through a solution filter, a heat 
exchanger, and a strainer. A ProGuard backwash filter system 
is used (Model number PG2103M-I). Filter cake is trapped on 
the outside of the filter elements. At a predetermined dif
ferential pressure, the unit automatically backwashes each of 
the filter elements. The backwash fluid and filter cake exit 
the filter for_ collection in a tank (or modified 55 gallon 
drum). 

Filter effluent is directed to a liquid-to-liquid heat ex
changer. The coolant liquid is a glycol/water solution. The 
glycol/water system is a closed loop system. Cooling of the 
gylcol/water solution is provided by an inline cooling tower. 
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The filtered and cooled scrubber liquid is recycled to the 
offgas treatment system. 

3.5 WASTE FEED SYSTEM 

During . the trial burn program, two types of wastes 
treated: ( 1) high-heating value liquid waste, and 
heating value aqueous waste. 

will be 
( 2) low-

The liquid feed system consists of a 55-gallon feed tank, a me
tering solvent pump, a 100-micron filter, a flow meter, a nee
dle valve, a check valve, and a shut-off valve. Stainless 
steel tubing is used for liquid transport. The liquid nozzle 
allows full stream entry to the furnace. Waste feed atomiza
tion, a process which has traditionally caused problems in 
waste treatment operation, is not necessary since combustion is 
achieved by contact with the molten glass pool. The waste is 
fed in as a stream and drops primarily as a liquid onto the 
glass bed where it evaporates. The molten glass covering the 
chamber floor provides the energy for vaporization of the waste 
which "puddles" on ':he glass. The glass also protects the re
fractory from direct impingement by cool liquid. Since waste 
liquid evaporation takes place at the relatively nonturbulent 
feed end of the furnace chamber, the full volume of the chamber 
is available for combustion of organic vapors. 

The waste atomization process, would not only sharply circum
scribe feed characteristics, but because it inevitably projects 
droplets downstream and into the gas stream, might well result 
in inadequate waste destruction. 
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The types of hazardous waste that the U.S. DOE Mound Plant 
(Mound) has been designed to store, handle, blend, and treat 
vary widely in chemical and physical characteristics. All 
wastes to be treated will be generated on-site; no off-site 
wastes will be accepted for treatment. The waste may be fed to 
the furnace in the form of liquid, heavy sludge, or a 
combination of both. Typical waste streams will consist of: 

• Hazardous organic compounds 
• Metals 
• Radionuclides 
• Inert materials 
• Waste oils 

The waste types that wilL be treated at Mound on a regular 
basis consist of EPA hazardous waste types DOOl, FOOl, F002, 
F003, and FOGS. A detailed description of the waste types to 
be treated is contained in Appendix C. The following informa
tion is provided: 

• Table C-1 

Waste name (Mound designation) 

EPA identification number 

Physical state 

Heating value 

Specific· weight 

Chemical components (range of percentages) 

Analytical methods used to estimate concentration 
range of components 

Heat of combustion 

· e Table C-2 
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RCRA Appendix VIII organic components that could 
be present in waste feed streams. 
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RCRA Appendix VIII metals that could be present 
in waste feed streams. 

'" Table C-4 

Radionuclides that could be present in waste feed 
streams. 

4.2 DESIGNED WASTE STREAMS FOR THE TRIAL BURN 

During the trial burn, synthetic waste feeds will be utilized 
to simulate routinely treated waste. Proposed waste feed 
compositions have been formulated for the trial burn to chal
lenge the permit limitations of the system for destruction and 
removal efficiency, combustion efficiency, chlorine, particu
late, heating value, metals, and water content in the waste 
feeds. 

The trial burn will consist of two different operating scenar
ios, each consisting of three independent tests. Two separate 
waste streams have been proposed for the two operating scenar
ios, and each waste stream has been designed to represent chem
ical characteristics and heating values of the routinely 
treated waste. The two scenarios are classified as follows: 

Operating Scenario No. 1 -Liquid Waste with High-Heating Value 

Operating Scenario No. 2 -Aqueous Waste with Low-Heating Value 

Propos':ld synthetic waste compositions for 
scenarios are presented in Tables 4-1 and 
waste feed parameters for the trial burn is 
4-3. 

4.3 GLASS MELT FURNACE PERFORMANCE 

4.3.1 Organic Wastes 

the two operating 
4-2. A summary of 
presented in Table 

The trial burn will be conducted in compliance with 40 CFR 
264.343 perform9nce standards, as follows: 

111 The process must achieve a minimum destruction and 
removal efficiency (DRE) of 99.99 percent for each 
designated principal organic hazardous constituent 
(POHC) in its permit for each waste feed (in this 
demonstration, carbon tetrachloride and tetra
chloroethylene are the designated POHCs). DRE will be 
determined for each designated POHC from the following 
equation: 
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Synthetic Waste Composition-- Operating Scenario No. 1 
Liquid Waste with High Heating Value 

Feed Meta 1 s Chlorine Cl Feed Heat of Heat Input 
Compound/Component Rate Feed Rate Content Rate Combustion Rate 

(lb/hr) (lb/hr) (% wt) (lb/hr) (Btu/lb) (Btu/hr) 

Carbon tetrachloride 12.9 0 92.19 11.9 432 5,600 

Tetrachloroethylene 13.9 0 85.6 11.9 2.142 29,800 

No. 2 fuel oil 27.0 0 0 0 19,430 524,600 

Methanol 15.2 0 0 0 10,259 155,900 

Antimony trichloride {SbC1 3 ) 0. 131 0.070 46.7 0.061 0 0 

Arsenic trichloride {AsC13) 0.017 0.007 58.8 0.010 0 0 

Barium chloride (BaClz) 0.106 0.070 34.1 0.036 0 0 

Beryllium chloride (BeClz} 0.178 0.020 88.8 0.158 0 0 

Cadmium chloride (CdCl2) 0.033 0.020 38.8 0.013 0 0 

Chromium {III) sulfate 
I; 

cr2(so4)3 0.015 0.004 0 0 0 0 

Lead oxide (PbO) 0.075 0.070 0 0 0 0 

Mercury (II) oxide (HgO) 0.076 0.070 0 0 0 0 

Selenium trioxide (Se03) 0. 113 0.070 0 0 0 0 

Silver oxide (Ag20) 0.075 0.070 0 0 0 0 

Thallium chloride (TlCl3) 0. 106 0.070' 34.2 0.036 0 0 

.\ 

Totals/Averages 70 0.541 34.4 24 .1---~~. 20~1 715,900 
-----
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Synthetic Waste Composition -- Operating Scenario No. 2 
Aqueous Waste with low Heating Value 

Feed Metals Ch 1 ori ne Cl Feed Heat of Heat Input 
Compound/Component Rate Feed Rate Content Rate Combustion Rate 

(lb/hr) (lb/hr) (% wt) (lb/hr) (Btu/lb) (Btu/hr) 

Carbon tetrachloride 15.9 0 92. 19 14.7 43.2 6,900 

Tetrachloroethylene 17.2 0 85.6 14.7 2. 142 36,800 

Water 20.7 0 0 0 0 0 

Methanol 15.2 0 0 0 10,259 155,900 

Antimony trichloride (SbCl 3) 0.131 0.070 46.7 0.061 0 0 

Arsenic trichloride (AsC1 3} 0.017 0.007 58.8 0.010 0 0 

Barium chloride (BaClz) 0.106 0.070 34.1 0.036 0 0 

Beryllium chloride (BeCl2) 0. 178 0.020 88.8 0.158 0 0 

Cadmium chloride (CdClz) 0.033 0.020 38.8 0.013 0 0 

Chromium (III) sulfate 0.015 0.004 0 0 0 0 
cr2 (S04 )3 

Lead oxide (PbO) 0.075 0.070 0 0 0 0 

Mercury (II) oxide (HgO) 0.076 0.070 0 0 0 0 

Selenium trioxide (Se03) 0.113 0.070 0 0 0 0 

Silver oxide (AgzO) 0.075 0.070 0 0 0 0 

Thallium chloride (TlCl3) 0.106 0.070 34.2 0.036 0 0 

Totals/Averages 70 0.541 42.4 29.7 ··2' 900 199,600 

0170L 
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Summary of Waste Feed Parameters for the Trial Burn 

Operating Operating 
Parameter Scenario Scenario 

No. 1 No. 2 

Mass Flow Rate 70 70 
(lb/hr) 

Chlorine Feed Rate 24.1 29.7 
(lb/hr) 

Water Content 0 30 
(% by wt.) 

Heat Input Rate 715,900 199,600 
(Btu/hr) 

Heat Value 
(Btu/lb) 

~10 ,200 2,909 
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mass feed rate of one principal ?rganic 
hazardous constituent (POHC) 1n the 
waste stream feeding the incinerator, 

mass emission rate of the same POHC 
present in exhaust emissions prior to 
release to the atmosphere 

• Stack emissions of more than 1.8 kilograms per hour (4 
pounds per hour) of hydrogen chloride (HCl) must be 
controlled such that the rate of emission is no 
greater than the larger of either 1. 8 kilograms per 
hour or 1% of the HCl in the stack gas prior to enter
ing any pollution control equipment. 

'" Particulate matter to the atmosphere must be control
led such that the rate of emission is not in excess of 
180 milligrams per dry standard cubic meter (0.08 
grains per dry standard cubic foot) when corrected for 
the amount of oxygen in the stack gas according to the 
formula: 

Where: 

and 

y 

Pc = Pm X 14 
21-Y 

= corrected 
matter, 

concentration of particulate 

= measured 
matter, 

concentration of particulate 

= measured concentration of oxygen in 
stack gas, using the Orsat method 
oxygen analysis of dry flue gas. 

the 
for 

Each performance standard will be discussed in the following 
subsections. 
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4.3.1.1 Destruction and Removal Efficiency (ORE) 

For demonstrating compliance with· the DRE standard require
ments, tetrachloromethane (carbon tetrachloride) and tetrachlo
roethylene (PCE) have been selected as POHCs. The POHCs were 
selected based on two EPA recommended methods. 

The first method for POHC selection was based on an EPA method 
based on heats of comb).lstion as presented in the draft report 
entitled "Guidance Manual for Hazardous waste Incinerator Per
mits," U.S. EPA Office of Solid Waste, July, 1983. This re
port suggests that the following formula be used to develop a 
POHC ranking value: 

Where: 

POHC value = (%C) + 100/Hc 

%C = Percent concentration of a hazardous constituent 
in a waste. 

He = Heat of combustion, kilocalories per gram of that 
constituent.. ............. . 

The second method for selecting POHCs was based on more recent 
EPA guidance entitled "Guidance on Setting Permit Conditions 
and Reporting Trial Burn Results; Volume II of the Hazardous 
Waste Incineration Guidance Series," U.S. EPA Office of Solid 
Waste and Emergency Response, January, 1989. This document 
recommends selecting POHCs based on the thermal stability in
stead of heats of combustion. The guidance document provides a 
ranking of incinerabilities (ranked in decreasing degree of 
difficulty to incinerate) of RCRA Appendix VIII components. 
The compounds are divided into seven classes. 

Using the heat of combustion method of selecting POHCs, carbon 
tetrachloride has the lowest heat of combustion value ( 0. 24 
kilocalories/gram or 432 Btu/lb) of any waste constituent to 
be treated by Mound, and thus shows the highest degree of 
difficulty of treatment. Tetrachloroethylene has a heat of 
combustion value of 1.19 kilocalories/gram (2,142 Btu/lb). 

Carbon tetrachloride is ranked number 136-140 (out of 320) to 
incinerate based on thermal stability and is in Class 4. 
Tetrachloroethylene is ranked number 36 (out of 320) in dif
ficulty to incinerate based on thermal stability and is in 
Class 2. 

The choice of tetrachloromethane (carbon tetrachloride) and 
tetrachloroethylene as POHCs will satisfy both the heat of 
combustion and thermal stability methods for ranking the incin
erability of POHCs. Carbon tetrachloride has the lowest heat 
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of combustion of any waste constituent to be treated, thus 
satisfying the heat of combustion ranking system. Tetrachloro
ethylene is a high ranking compound on the thermal stabi 1 i ty 
l ist . In addition , both compounds have a high chlorine content 
and will provide a significant challenge to the scrubber system. 

4.3 . 1 .2 Emissions of HCI 

The POHCs that have been selected for demonstration during the 
trial burn program were also selected for their chlorine con
tents . As shown on Table 4- 1, carbon tetrachloride and tetra
chloroethylene are composed of 92.2 percent chlorine and 85 . 6 
percent chlorine, respectively . An average of 38 percent 
chloriqe will be present in the feed streams. Emissions of HCl 
in the stack will be monitored to ensure compliance with 
regulatory criteria. HC l removal effici~ncy also · will be 
determined (based on the mass of chlorine in the feed and the 
mass of HCl in stack gases). 

4.3.1 .3 Part iculat e Emissions 

It is expected that the actual rate of particulate emissions 
wil l be extremely low during the trial burn program, based on 
the characteristics of the feed material . Process emissions 
wi l l be monitored , however, to det ermine compliance with 
regulations. 

4.3.2 Metal-Bearing Wastes 

Metals emissions requirements were determined 
report entitled "Guidance on Meta l s and Hydrogen 
trols for Hazardous Waste Incinerators" (Draft 
dated September 1988). 

based op the 
Ch l oride Con
Final Report 

Basically, permissible levels of metals can be set in one of 
the following ways: 

• Limits set on feed rates (designated as Tier I limits) 
• Limits set on emissions (designated as Tier II limits) 

Tier I feed rates are back-calculated from Tier II emission lim
its assuming no credit for partitioning of metals into bottom 
ash or -for removal of metals from stack gases by air pollution 
control device~ (APCDs) . Compliance with Tier I can be demon
strated simply- by analysis of waste feeds. Compliance with Tier 
II must be demonstrated by stack emissions tests; partitioning 
and removal efficiencies associated with APCDs are considered. 

Site information regarding the physical characteristics of the 
stack and the surrounding area that was used in tier classifica
tion calculations is provided on Table 4-4. Calculations for 
determination of metals limitations are contained in Appendix D. 
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Metals Emissions Criteria Selection Parameters 

1. Reference Information 

A. 
B. 
c. 
D. 

Facility Name: 
Address: 
Phone Number: 
Date of Submission: 

U.S. DOE Mound Plant (Mound) 
1 Mound Road, Miamisburg, OH 45343 
(513) 865-3078 (Larry Klingler) 
July 1990 

2. Site Information 

A. Stack Parameters 

1. 
2. 
3. 
4. 
5. 
6. 

Stack height 
Exhaust temperature 
Inner stack diameter 
Exit velocity 
Flow rate 
Latitude 
Longitude 
UTM (easting) 
UTM (northing) 

B. Terrain Parameters 

1. 

2. 

Maximum terrain rise 
o - 0.5 km radius 
0.5- 2.5 km radius 
2.5 - 5.0 km radius 
Shortest distance 
to fenceline 

- 48 feet 
- Ambient 
- 4 feet 
- 19 ft/sec 
- 14,000 acfm 
- 39° 37' 42" N 
- 84° 17' 15" w 
- 731250E 732.841 km 
- 4389900 N 4389.953 km 

- 40.55 feet 
- 119.25 feet 
- 179.25 feet 
- 427 feet 

C. Dimensions of Tallest Nearby Building Within BOO 
meters (approx. 0.5 miles) 

0170L 

1. 
2. 

3. 
4. 
5. 

Distance from stack 
Distance from nearest 
fence line 
Building height 
Building length 
Building width 

4-9 

- 1,063 feet 

- 119 feet 
- 74 feet 
- 183 feet 
- 133 feet 
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Limitations are set for noncarcinogenic metals and carcinogenic 
metals. A summary of the ·proposed feed rates for noncarcin
ogenic and carcinogenic metals is shown on Table 4-5. A dis
cussion of the methodology used for determinization of feed 
rates for each category of metals is provided below. 

4 . 3.2.1 Noncarcinogenic Metals 

The noncarcinogenic metals expected to be present in the feed 
during routine operations are antimony, barium, lead, mercury, 
selenium, silver, and tha llium. The Tier I levels for these 
noncarcinogenic metals (except selenium) are provided on Table 
4-6 . No emission levels have been set for selenium. However, 
since selenium is included in the determination for waste tox
icity, waste feed will be spiked with 1,000 ppm . As shown, the 
Tier I feed limitations for barium, mercury, and silver are i n 
excess of the maximum level expected to be present in the feed 
during routine operations (i.e., 1,000 ppm). For these metals, 
a feed rate of 1, ooo ppm therefore, would be permissible . For 
t he other three noncarcinogenic metals (lead, antimony, and 
thallium), the Tier II levels based on stack emissions would be 
applicable. Using the guidance document estimate of removal 
efficiencies (i.e . , 97% removal by wet, high pressure ( 60 in 
wg) venturi scrubber ), waste feed limitations were back calcu
l ated and are provided on Table 4-6. As shown, calculations 
indicate that it will be permissible to spike the waste feed 
streams with lead, antimony, and thallium at concentrations of 
1,000 ppm. 

4.3.2.2 Carcinogenic Metals 

The carcinogenic metals expected to be present during routine 
operations are arsenic, cadmium, chromium, and beryllium. The 
Tier I emission levels for these carcinogenic metals are pro
v ided on Table 4-7. As shown, 1 imi ts based on waste f~ed are 
very low. Tier II levels based on stack emissions also were 
calculated and are shown on Table 4- 7 . The collection effi 
ciency for the high pressure venturi scrubber is 97 percent to 
98 percent for the metals in question. Assuming the collection 
efficiency is accurate, the permissible concentration of each 
metal in the feed is shown in Table 4-7; the permissible car
cinogenic metals concentrations are well below the maximum con
centrations exp~cted to be present. 

The emission limitations for the four carcinogenic metals 
cumulative . Using the assumed collection efficiencies, 
mass feed of each of the four metals should be entered 
equation ( 4-1) provided below. If the total exceeds 1. 0 , 
mass feed of one or more of the meta ls should be reduced . 

are 
the 

into 
the 

As/0.0067 + Cd/0.0187 + Cr/0 . 004 + Be/0.02 ~ = 1.0 Eqn (4-1) 

Where , As = mass feed rate of arsenic in lb/hr 

4- 10 
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Table 4-5 

Parameters Used for Tier Selection 

Site Information: 

Exhaust Temperature 

Stack Gas Flow Rate 

Effective Stack Height(a)_ 

Type of Terrain 

Metal Feed Rate 
(lb/hr) 

Antimony 0. 070 

Arsenic 0.007 

Barium 0.070 

Beryllium 0.020 

Cadmium 0.020 

Chromium 0.004 

Lead 0.070 

Mercury 0.070 

Selenium 0.070 

Silver 0.070 

Thallium 0.070 

70 °F 

14,000 acfm 

57 feet 

Urban complex 

Concentration 
(ppm) 

,/( 
1,000 -----

95' ? 

1,000 c\'\ 
\ 

285 0\L._~-
'· 

266 
...c• 

57 
A 

,o c 1,000 __./ 

1,000 .. 
o,~t .• 

1,000 _..--l 

1,000 

1,000.,.,..- ·'2 

(a)see Appendix D - Effective stack height is greater than ac
tual stack height due to buoyancy of exhaust gas plume. 

4-ll 
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Antimony 

Barium 

Lead 

Mercury 

Selenium 

Silver 

Thallium 

Antimony 

Lead 

Thallium 
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Table 4-6 

Permissible Emissions 
for Noncarcinogenic Meta Is b~·,>'·"'-

Tier I 

Limitations Based on Waste Feed 
... r 

~-'"( 'r ';~c:, '· •. _,, 

Feed Rate Limitation Feed Concentrationa 
(lb/hr) (ppm) 

0.03 429 

5.0 71,429 

0.009 129 

0.2 2,857 

N/A 1,000 

0.3 4,286 

0.03 425 

Tier II 

Limitations Based on Stack Emissions 

Emission 
Limitation 

(lb/hr) 

0.03 

0.009 

0.03 

Assumed 
APCD 

Efficiency 
(%) 

/I 
97% 

< 97% __ / '--' 

97% -~ 

Estimated Estimated 
Feed Feed 
Rate Concentrationa 

(lb/hr) (ppm) 

1.0 14,286 
,.f <\ :::.: 

0.29 -2, 857 

1.0 14,286 

aconcentration determined based on 70 lb/hr waste feed. 

4-12 
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Arsenic 

Cadmium 

Chromium 

Beryllium 

Arsenic 

Cadmium 

Chromium 

Beryllium 
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Table 4-7 

Permissible Emissions for 
Carcinogenic Metals 

Tier 

Limitations Based on Waste Feed 

Feed Rate Limitation 
(lb/hr) 

Feed Concentrationa 
(ppm) 

0.0002 \ 2.8 
'\,_ .. ,· ·. i' }-_ 

0.00056 ·-:~ 8.0 \ 

0.0008 ) 11.4 

0.0004 5.7 

Tier II 

limitations Based on Stack Emissions 

Assumed Estimated ·Estimated 
Emission APCD Feed Feed 

Limitation Efficiency Rate Concentration a 
(lb/hr) (%) (lb/hr) (ppm) 

.-'? 
0.0002 97 0.0067 95 

0 .-<J0056 97/1. 
• 

0.0187 266 
0 

0.0008 98 0.004 57 
1-

0.0004 98 0.02 285 

aconcentration determined based on 70 lb/hr waste feed. 

4-13 
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Cd = mass feed rate of cadmium in lb/hr 
Cr = mass feed rate of chromium in lb/hr 
Be = mass feed rate of beryllium in lb/hr 

If the actual collection efficiency of the glass furnace and 
scrubber exceeds the 97 to 98 percent range, larger feed rates 
can be accepted. For purposes of the trial burn program, a 
spiked solution containing the maximum allowable quantity of 
each carcinogenic metal (based on Tier II emissions) will be 
utilized (i.e., 95 ppm As, 266 ppm Cd, 57 ppm Cr, and 285 ppm 
Be). 

Following comparison of trial burn results, Equation 4-l will 
be appropriately modified to limit the feed composition of the 
four carcinogenic metals. 

4-14 
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SECTION 5 

DETAILED ENGINEERING DESCRIPTION 

The glass melt furnace at the U.S. DOE Mound 
designed to treat liquid and sludge wastes. 
sists of the following components: 

• Waste feed system 
• Glass melt furnace 
• Offgas system 
• Scrubber liquid system 
• Exhausters 
• HEPA filters 

Plant (Mound) is 
The system con-

5.1 MANUFACTURER'S NAME AND MODEL NUMBER OF THE GLASS MELTER 

The glass melter was designed and constructed by Penberthy 
Electromelt International, Inc. It is custom made and has no 
model designation. The offgas scrubber unit was designed in
house and is constructed from a combination of Mound fabricated 
and purchased components. 

5.2 TYPE OF UNIT 

The glass melt furnace system consists of an electrically heat
ed glass melter that is used as a combination of a combustion 
chamber and an ash/toxic immobilizer. The melter is followed 
by a wet offgas scrubber recycling system. The scrubber liquid 
drained from the offgas system is treated and fed back to the 
scrubber liquid recycling system. Off gases are discharged to 
the atmosphere after passing through two exhaust fans followed 
by HEPA filters. A schematic diagram of the system is shown in 
Figure 3-1, and a detailed description of the system is pre
sented in Section 3. 

5.3 DIMENSIONS OF THE UNIT 

The internal dimensions of the glass mel ter plenum chamber a~:.e 
84 in. long by 27.5 in. wide by 30.5 in. high. The cross sec
tional area of the combustion chamber is 5.8 sq ft. A molten 
glass bed occupies an additional 9 to 12 in. of height. 

5.4 AUXILIARY FUEL SYSTEM 

The glass melter is equipped with a 400,000 Btu/hr, propane 
fired burner. The burner is used only during cold startup of 
the unit to bring the glass to its molten state, at which time 
it becomes electrically conductive. Once the glass is capable 
of conducting current, the propane burner is turned off; it is 
not used during waste processing. 

01711 
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5.5 CAPACITY OF PRIME MOVER 
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Two centrifugal fans (exhausters) are installed in series and 
follow the wet scrubber system. The fans induce combustion air 
into the glass melter chamber and provide the differential 
pressure requirements of the offgas scrubbing unit. The first 
fan has a capacity to deliver 200 scfm of air flow at a static 
pressure of 42 in. water gauge; it is powered by a 7. 5-hp 
motor. The second fan has a capacity to deliver 550 scfm of 
air flow at a static pressure of 61-in. water gauge; it is 
powered by a 15-hp motor. 

5.6 AUTOMATIC WASTE FEED CUTOFF SYSTEM 

All critical process data, including system pressures, tempera
tures , and emission analyzer information , are fed to a Kaye In
strument Digistrip III Recorder Data Logger for monitoring and 
recording . Alarm set points (high, low, and rate of change) 
are programmed independently for each input channel. Waste 
feed cutoff will be initiated automatically when selected meas
urements fall outside programmed ranges. For liquid feed opera
tions , Digistrip relays wil l interact with the waste feed sys
tem, tripping the system shutoff valve when selected parameters 
are outside specified limits. 

The parameters summarized in Table 10-1 will be used for auto
matic waste control. Thermocouples used for the aforementioned 
temperature measurements are B and J types; they will be cali
brated by the Mound Standards Laboratory or by the manufac
turer. Recalibration or replacement will be performed as spe
cified by Department of Energy Quality Assurance Guidelines . 

5.7 STACK GAS MONITORING AND POLLUTION CONTROL EQUIPMENT 

Stack gas monitoring equipment is discussed in Section 6. Pol
lution control equipment consists of the glass me l t furnace and 
the scrubber liquid system, which are described in detail in 
Section 3. 

5.8 -NOZZLE AND BURNER DESIGN 

During startup, a propane burner is used to heat the glass bed 
to about 1,400°F. At this temperature, the glass is in a mol
ten state and ~ill conduct electricity. When this temperature 
is achieved, the burner is deactivated and electrical current 
is used to maintain and control the temperature of the bed. No 
waste atomization is utilized. Liquid and aqueous waste are 
free-fed directly to the furnace. 

0171L 
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The glass melter consists of a rectangular box constructed of 
310 stainless steel and lined on the floor and lower sides with 
Criteria I alumina, zirconia, and silicate fused-cast refrac
tory to contain the glass pool. The upper chamber, where com
bustion takes place, consists of high-density firebrick. An 
outer layer of standard firebrick and an air space separate the 
interior refractory from the outer skin. Electrodes embedded 
in the glass pool are fabricated of high-purity iron. 

The offgas duct between the furnace and the quench tank and the 
duct between the quench tank and the scrubber recycle tank are 
constructed of 3161 stainless steel. Scrubber recycle tank 
nozzles are fabricated with Inconel 625 and 316 stainless steel. 
The venturi scrubber and the section of duct immediately pre
ceding it are constructed of Hastelloy C-276. The remainder of 
the off gas ductwork is fabricated with 3041 stainless steel. 
Exhaust fan impellers and casings are constructed of carbon 
steel. 

The scrubber liquid system is composed of cast iron and stain
less steel materials. The pump casing and filter housing are 
made of cast iron. The filter elements are constructed with 
316 stainless steel. The heat exchanger and the recycling tank 
are fabricated with 316 stainless steel. Black iron pipe makes 
up most of the piping system. Pipe directly adjacent to the 
spray nozzles is 316 stainless steel. Stainless steel strainers 
separate the black iron and stainless steel pipe. 

5.10 LOCATIONS AND DESCRIPTION OF TEMPERATURE, PRESSURE, AND 
FLOW-INDICATING AND CONTROL DEVICES 

The control 
flow rates, 
Table 5-1. 
5-1. 

01711 

instruments used 
stack emissions, 
The locations of 

to monitor temperature, pressur~, 
and 1 iquid pH are described 1n 

these sensors are shown in Figure 
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Measurement 

Furnace Chamber Temperature - Zone 1 
Furnace Chamber Temperature - Zone 2 
furnace Chamber Temperature - Zone 3 

Electrode A Temperature 
Electrode B Temperature 
Electrode C Temperature 

Furnace Cooling Water Temperature 

Furnace Chamber Pressure 

Offgas Temperature - Before Scrubber 
Offgo.s Temperature - Before Scrubber 
Oft'gas l'emper·ature - Afler Spray Tunk 
Offgas Temperature - After Venturi 
Offgas Temperature - After Fans 
Offgas Temperature- System Exit 

Offgas Velocity- System Exit 

Offgas Mass Flow Rate- System Exit 

Venturi Pressure Differer1tial 

Spray Tank Pressure 

Flue Gas Oxygen 
Flue Gas Carbon Monoxide 
Flue Gas Combustibles 

0171 L 

ID 

TCl 
TC2 
TC3 

TCZO 
TCZl 
TCZZ 

TC19 

PGl 
PTl 

TC4 
res 
TC6 
TC7 
TCS 
TC9 

PG4 
Vll 
VIZ 

PG3 
PT3 
PT2 

~il 
CG 

Table 5-1 

Description of System Monitors 

Instrument 

B Type Thermocouple 
B Type Thermocouple 
B Type Thermocouple 

K Type Thermocouple 
K Type Thermocouple 
K Type Thermocouple 

J Type Thermocouple 

Magnehelic Gauge 
Pressure Transducer 

B Type Thermocouple 
B Type Thermocouple 
J Type Thermocouple 
J Type Thermocouple 
J Type Thermocouple 
J Type Thermocouple 

Magnehelic Gauge 
Annubar - Pressure Transducer 
Kurz Mass Flow Meter 

Magnehelic Gauge 
Pressure Transducer 
Pressure Transducer 

Teledyne 9700 Flue Gas Analyzer 
Beckman 865 Analyzer 
Teledyne 9700 Flue Gas Analyzer 

Analysis Method 

NA 
NA 
NA 

NA 
NA 
NA 

NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

Thermal Sensor 

NA 
NA 
NA 

Electrochemical Transducer 
Nondispersive Infrared 
Catalytic Sensor 

·:· 
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Range(s) 

32 to 3,092'F 
32 to 3,092'F 
32 to 3,092'F 

(-)330 to 2,300'F 
(-)330 to 2,300'F 
(-)330 to 2,300'F 

32 to l,400'f 

0 to (-)15 Inches water 
(-)10 to 10 Inches water 

32 to 3,092'F 
32 to 3,092'F 
32 to 1 ,400'F 
32 to 1 ,400'F 
32 to 1,400'f 
32 to 1,400'F 

0 to 2 Inches water 
0 to 5 Inches water 
0 to 2,500 feet/minute 

0 to 80 inches water 
0 to 80 inches water 
0 to (-) 10 inches water 

0 to 25% 
0 to 1,000 ppm 
0 to 5% 

Recorded 

X 
X 
X 

X 

X 

X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

• 
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Measurement 

Scrubber Liquor Temperature- Supply 
Spray Tank Drain 
Oemister Drain 
Heat Exchanger Inlet 
Heat Exchanger Outlet 

Furnace Coolant Temperature-
Radiator Inlet 
Radiator Outlet 

Scrubber Liquor pH 

0171 L 

!D Instrument 

TC12 J Type Thermocouple 
TC13 J Type Thermocouple 
TC14 J Type Thennocoupl e 
TC15 J Type Thermocouple 
TC16 J Type Thermocouple 

TC17 J Type Thermocouple 
TC18 J Type Thermocouple 

pH Leeds & Northrup 

Table 5~1 
{continued) 

Analysis Method 

NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 

Range(s) 

32 to 1,400°F 
32 to 1 , 400 oF 
32 to 1,400°F 
32 to 1,400°F 
32 to 1,400°F 

32 to l,400°F 
32 to 1 ,400°F 

0-14 

Date: 1 uly 1990 
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Recorded 

X. 
X 
X 
X 
X 

X 
X 

X 

@ 



204-1048m 

Auxiliary Fuel 
(Cold Start-Up Only) 

Liquid/Aqueous 
Waste 

To Atmosphere 

A. 
I 

HEPA Filters 

Emergency Vent A. 
I 

-----~: 

-------------------' 
' ' ' --------

I 

Charge : 
Vent 
Air 

Glass 
Melt 

Furnace 

C20 
C21 
C2 

Molten 
Glass 

Sample 
Port 

Leaf 
Filter 

• Leaf Filter 
Sludge 

Quench 
Tank 

Heai 
Exchanger 

Pump 

TC6 

Scrubber 
Recycle 

Tank 

• Slowdown 

Venturi 
Scrubber 

PT3 

Cyclone 
Demister 

Caustic Solution 

Makeup Water 

Sample 
Port 

LEGEND 

co 

Sample 
Port 

CO - Carbon Monoxide Analyzer 
Fl - Flow Indicator 

0 ·2 Oxygen Analyzer 
PG- Pressure lnidicator 
PI- Pressure Transmitter 

TC- Temperature Transmitter 
VI- Velocity Indicator 

------+ Continuous Flows 

-----~ Intermittent Flows 

To 
Atmosphere 

HEPA 
Filters 

FIGURE 5-1 LOCATIONS OF FLOW-INDICATOR 
AND CONTROL DEVICES 
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SAMPLING AND ANALYSIS PROCEDURES 

Sampling and analysis procedures to 
trial burn are specified in this 
Quality Assurance/Quality Control 
employed are also presented. 

be implemented during the 
section. The associated 

(QA/QC) mechanisms to be 

6.1 SAMPLING LOCATIONS 

During the trial burn, waste feed and system discharge (exhaust 
gases, scrubber blowdown, and solids) will be sampled for anal
ysis. The locations of the sampling points and a summary of 
parameters to be sampled and analyzed for each test are shown 
in Figure 6-1. 

6.2 SUMMARY OF SAMPLING AND ANALYSIS PROCEDURES 

During the trial burn program, samples will be collected and 
analyzed from the following sample locations: 

Sample Location 

1 
2 
3 
4 
5 

Type of Sample 

Liquid/aqueous waste 
Molten glass 
Filter sludge 
Scrubber blowdown 
Stack gases 

A surrunary of the sampling and analysis plan for each of the 
sampling locations is presented in Tables 6-1 through 6-5. 

6.3 SAMPLING EQUIPMENT 

A surrunary of the sampling equipment that will be utilized dur
ing the trial burn program is surrunarized in Table 6-6. 

6.4 SAMPLING TECHNIQUES 

Sampling techniques for solids, sludges, liquids, and gases are 
described in the following subsections. 

6.4.1 Solids 

The only solid sample that will be collected during the trial 
burn is from the molten glass bed. Due to the extreme diffi
culty in collecting·this sample, only a single grab sample will 
be collected after each test run. 

6-1 
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Vent Air 

(7) 
~ 

t To Atmosphere 

HEPA 
Filters 

t 

To 
Atmosphere 

Liquid/ Aqueous 
Waste 

f' ~ Quench 1-----+-1 Venturi Cyclone 
1-----,f---)ool Tank Scrubber 1----:1>1 Demister 1----~M{ 

'---.-~ 

.:r:_ Glass 
!-----'----------;>- Melt 

Furnace 

HEPA 
Filters 

Parameters Sampled/ Analyzed 

Volatile Organics 
Particulates 
HCI 

Carbon Dioxide 
Carbon Monoxide 
Oxygen 

Suspended Solids 
pH 

Volumetric Flow Rate (Liquids) 
Volumetric Flow Rate (Gases) 
Water Content 

Heating Value 
Total Chlorine 
Suiter Content 
%Ash 
Metals 

:---0 • Molten 
Glass 

Filter 

'----,----' 

~ 
f 

Filter 
Sludge 

1 
Liquid/Aqueous 

Waste 

X 

X 

X 
X 
X 
X 

X 

I 

Heat 
Exchanger 

.-~ Scrubber 1+-- Caustic Solution 
Recycle 

Tank !+-- Makeup Water 

Pump f--0 
f 

Scrubber Slowdown 

2 
MC>lten Glass 

X 

3 
Filler 

Sludge 

X 

X 

X 

Exhausters (2) 

4 
Scrubber 
Slowdown 

X 

X 
X 

X 

X 

---ll>~ Continuous Flows 
_____ ~ Intermittent Flows 

5 
Slack Gases 

X 
X 
X 
X 
X 
X 

X 
X 

X 

FIGURE 6-1 SAMPLING POINT LOCATIONS 
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Sampling Point Number: 1 

Description: Organic Liquid/Aqueous Waste 

Test Objective: Determine the DRE of the Glass Melt Furnace 

Sampling Objective: Collect a Representative Sample 

Parameters to be Tested: Volatile Total Heating Water a Volumetric Flow 
Organics Sulfur Content Chlorine Value Content %Ash Metals Rate (Liquid) 

Sampling or Monitoring Method: b 
Grab sample (100-200 mililiters) collected using composite liquid waste sampler (coliwasa) Not from each drum prior to each test run. Samples are composited into appropnate Applicable bottles lor analvsis. 

EPA 
Pump Sample Extraction/Analysis Method 5030/ ASTM Parr Bomb ASTM ASTM EPA Methods 

Method(s): c Method 8240 EPA 325.2 D240 2216-80 Method 3010, 3020, Calibration 
D129 

209 3050, 6010, Test 
7000 Series 

Sampling or Monitoring Design: 
(Number of Samples Per Condition) 

-Total Number of Samples Collected 3 3 3 3 3 3 3 3 

- Site Blanksd 1 1 0 0 0 0 1 0 
e 

-Trip Blanks 1 0 0 0 0 0 0 0 
f 

Per Shipment 
-Lab Blanks 1 1 1 1 1 0 1 0 

- Blank Spikes 
f 

1 1 1 1 0 0 1 0 

- Number of Sample Replicates 
f 

1 1 1 1 1 1 1 0 

- Number of Matrix Spikes 
f 

1 1 1 1 0 0 1 0 

-Total Number of Samples Analyzed d 8 8 7 7 5 4 8 3 

NOTES: ~.Metals include antimon~, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, selenium, silver and thallium. 
Sampling methods are ascribed in Section 6. 

c Sample extraction/analysis methods are described in Appendix E. 
d Trip blanks not added to total - run only if contamination problems found. 
9 One per condition of sampling. 
f One per analytical batch for liquid matrix. (A batch consists of a maximum of 20 samples). 

------------- ------------------------~---

204-1048a TABLE 6-1 SAMPLING AND ANALYSIS PLAN FOR THE ORGANIC LIQUID/AQUEOUS WASTE 
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Sampling Point Number: 2 

Description: Molten Glass 

Test Objective: Determine the DRE of the Glass Melt Furnace 

Sampling Objective: Collect a Representative Sample 

Parameters to be Tested: I Metalse 

Sampling or Monitoring Method: a Due to extreme difficulty of sampling, a single grab sample (500 grams) will be collected after each test run. 

Sample Extraction/Analysis Method 1310 

Method(s): b 3010/3020 
6010/7000 

Sampling or Monitoring Design: 

-Total Number of Samples Collected 6 

- Site Blanks 1 

-Trip Blanks c 0 

-Lab Blanks 1 Per Batch 
d 

- Blank Spikes 1 

- Number of Sample Replicates 1 

- Number of Matrix Spikes 1 

-Total Number of Samples Analyzed c 11 

NOTES: ~Sampling methods are described in Section 6. 
Sample extraction/analysis methods are described in Appendix E. 

~Trip blanks not added to total - run only if contamination problems found. 
A batch consists of a maximum of 20 Samples. 

8 Metals include antimony, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, selenium, silver, and thallium. 

204-1048c TABLE 6-2 SAMPLING AND ANALYSIS PLAN FOR THE MOL TEN GLASS 
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Sample Point Number: 3 

Description: Filter Sludge 

Test Objective: Determine the ORE of the Glass Melt Furnace 

Sampling Objective: Collect a Representative Sample 

Parameters to be Tested: Volatile Organics Water Content Metals
9 

' 
Sampling or Monitoring Method: a A grab sample (200-300 grams) of leaf filter sludge will be collected after each test run. 

Method 5030/ ASTM Method 1310 
Sample Extraction/Analysis 

Method 8240 2216-80 3010/3020 
Method(s): b 6010/7000 

Sampling or Monitoring Design: 

-Total Number of Samples Collected 6 6 6 

- Site Blanks 1 0 1 

c 
- Trip Blanks 1 Per Shipment 0 0 

-Lab Blanks 1 Per Batch d 1 1 Per Batchd 

- Blank Spikes 1 Per Batch d 0 1 

- Number of Sample Replicates 1 Per Batch 
d 

1 1 

d 
- Number of Matrix Spikes 1 Per Batch 0 1 

-Total Number of Samples Analyzed c 11 8 11 

NOTES: ~Sampling methods are described in Section 6. 
c Sample extraction/analysis methods are described in Appendix E. 
d Trip blanks not added to total - run only if contamination problems found. 

A batch consists of a maximum of 20 Samples. 
9 Metals include antimony, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, selenium, silver, and thallium 

204-10489 TABlE 6-3 SAMPliNG AND ANAlYSIS PlAN FOR THE Fll TER SlUDGE 
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Sampling Point Number: 4 

Description: Scrubber Slowdown 

Test Objective: Determine the ORE ol the Glass Melt Furnace 

Sampling Objective: Collect a Representative Sample 

Parameters to be Tested: Volatile Suspended pH Total Metals8 
Orqanics Solids Chloride 

Sampling or Monitoring Method: a Frequency ol blowdown dependent on process operation. One grab sample collected at the end of each test run. 

Sample Extraction/Analysis Method 5030/ EPA EPA Methods 

Method(s): b Method 8240 Method 209C Method 423 Method 300.0 3010,3020, 
3050, 6010, 
7000 Series 

Sampling or Monitoring Design: 

-Total Number of Samples Collected 6 6 6 6 6 

- Site Blanks 1 1 0 1 0 

-Trip Blanks c 1 Per Shipment 0 0 0 0 

-Lab Blanks 1 Per Batch d 1 0 1 Per Batch d 1 Per Batch d 

- Blank Spikes 1 Per Batch d 0 0 1 Per Batch d 1 Per Batch d 

- Number of Sample Replicates 1 Per Batch d 1 1 1 Per Batchd 1 Per Batch d 

- Number ol Matrix Spikes 1 Per Batch d 0 0 1 Per Batch d 1 Per Batch d 

-Total Number ot Samples Analyzed c 11 9 7 11 10 

NOTES: ~Sampling methods are described in Section 6. 
c Sample extraction/analysis methods are described in Appendix E. 
d Trip blanks not added to total- run only if contamination problems found. 

A batch consists of a maximum of 20 samples. 
e Metals include antimony, arsenic, barium, beryHium, cadium, chromium, lead, mercury, selenium, sliver, and thallium. 

-----------------------------
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Sampling Point Number: 1 

Description: Organic Liquid/Aqueous Waste 

Test Objective: Determine the DRE of the Glass Melt Furnace 

Sampling Objective: Collect a Representative Sample 

Parameters to be Tested: Volatile Total Heating Water a Volumetric Flow 
Organics Sulfur Content Chlorine Value Content %Ash Metals Rate (Liquid) 

Sampling or Monitoring Method: b 
Grab sample (1 00-200 mililiters) collected using composite liquid waste sampler (coliwasa) Not 
from each drum prior to each test run. Samples are composited into appropriate Applicable 
bottles for analvsls. 

EPA 
Pump 

Sample Extraction/Analysis Method 5030/ ASTM Parr Bomb ASTM ASTM EPA Methods 
Method 3010, 3020, Calibration 

Method(s): c Method 8240 D129 EPA 325.2 D240 2216-80 Test 
209 3050, 6010, 

7000 Series 

Sampling or Monitoring Design: 
(Number of Samples Per Condition) 

- Total Number of Samples Collected 3 3 3 3 3 3 3 3 

- Site Blanks d 1 1 0 0 0 0 1 0 

e 
-Trip Blanks 1 0 0 0 0 0 0 0 

f 
Per Shipment 

-Lab Blanks 1 1 1 1 1 0 1 0 

- Blank Spikes 
f 

1 1 1 1 0 0 1 0 

- Number of Sample Replicates 
f 

1 1 1 1 1 1 1 0 

- Number of Matrix Spikes 
1 1 1 1 1 0 0 1 0 

-Total Number of Samples Analyzed d 8 8 7 7 5 4 8 3 

NOTES: ~·Metals include antimon&, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, selenium, silver and thallium. 
Sampling methods are ascribed in Section 6. 

c Sample extraction/analysis methods are described in Appendix E. 
d Trip blanks not added to total - run only if contamination problems found. 
8 One per condition of sampling. 
f One per analytical batch for liquid matrix. (A batch consists of a maximum of 20 samples). 
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Sampling Point Number: 2 

Description: Molten Glass 

Test Objective: Determine the DRE of the Glass Melt Furnace 

Sampling Objective: Collect a Representative Sample 

Parameters to be Tested: I Metals" 

Sampling or Monitoring Method: a Due to extreme difficulty of sampling, a single grab sample (500 grams) will be collected after each test run. 

Sample Extraction/Analysis Method 1310 
Method(s): b 3010/3020 

6010/7000 

Sampling or Monitoring Design: 

-Total Number of Samples Collected 6 

- Site Blanks 1 

-Trip Blanks c 0 

-Lab Blanks 1 Per Batch d 

- Blank Spikes 1 

- Number of Sample Replicates 1 

- Number of Matrix Spikes 1 

-Total Number of Samples Analyzed 0 1( 

' 

NOTES: ~Sampling methods are described in Section 6. 
c Sample extraction/analysis methods are described in Appendix E. 
d Trip blanks not added to total - run only if contamination problems 'found. 

A batch consists of a maximum of 20 Samples. 
9 Metals include antimony, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, selenium, silver, and thallium. 
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Sample Point Number: 3 

Description: Filter Sludge 

Test Objective: Determine the ORE of the Glass Melt Furnace 

Sampling Objective: Collect a Representative Sample 

Parameters to be Tested: Volatile Organics Water Content Metals
9 

' 
Sampling or Monitoring Method: a A grab sample (200-300 grams) of leaf filter sludge will be collected after each test run. 

Method 5030/ · ASTM Method 131 o 

Sample Extraction/Analysis 3010/3020 

Method(s): b 
Method 8240 2216-80 6010/7000 

Sampling or Monitoring Design: 

- Total Number of Samples Collected 6 6 6 

-Site Blanks 1 0 1 

c 
-Trip Blanks 1 Per Shipment 0 0 

-Lab Blanks 1 Per Batch d 1 1 Per Batchd 

- Blank Spikes 1 Per Batch d 0 1 

- Number of Sample Replicates 1 Per Batch 
d 

1 1 

d 1 - Number of Matrix Spikes 1 Per Batch 0 

-Total Number of Samples Analyzed c 1 1 8 11 

NOTES: ~Sampling methods are described in Section 6. 
c Sample extraction/analysis methods are described in Appendix E. 
d Trip blanks not added to total ~ run only if contamination problems found. 

9 
A batch consists of a maximum of 20 Samples. 
Metals include antimony, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, selenium, silver, and thallium 
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Sampling Point Number: 4 

Description: Scrubber Slowdown 

Test Objective: Determine the ORE of the Glass Melt Furnace 

Sampling Objective: Collect a Representative Sample 

Parameters to be Tested: Volatile Suspended 
pH Total 

Metals9 
Oroanics Solids Chloride 

Sampling or Monitoring Method: a Frequency of blowdown dependent on process operation. One grab sample collected at the end of each test run. 

Sample Extraction/Analysis Method 5030/ EPA EPA Methods 
Method' 209C Method 423 3010,3020, Method(s): b Method 8240 Method 300.0 3050, 6010, 

7000 Series 

Sampling or Monitoring Design: 

-Total Number of Samples Collected 6 6 6 6 6 

- Site Blanks 1 1 0 1 0 

-Trip Blanks c 1 Per Shipment 0 0 0 0 

-Lab Blanks 1 Per Batch d 1 0 1 Per Batchd 1 Per Batch d 

- Blank Spikes 1 Per Batch d 0 0 1 Per Batch d 1 Per Batch d 

- Number of Sample Replicates 1 Per Batch d 1 1 1 Per Batchd 1 Per Batch d 

- Number of Matrix Spikes 1 Per Batch d 0 0 1 Per Batch d 1 Per Batch d 

-Total Number of Samples Analyzed c 11 9 7 11 10 

' 

NOTES: ~Sampling methods are described in Section 6. 
Sample extraction/analysis methods' are described in Appendix E. 

~Trip blanks not added to total- run a·nly if contamination problems found. 
A batch consists of a maximum of 20 samples. 

8 Metals include antimony, arsenic, barium, beryllium, cadium, chromium, lead, mercury, selenium, silver, and thallium. 
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Sampling Point Number: 5 

Description: Stack Gases 

Test Objective: Determine the DRE of the Glass Melt Furnace 

Sampling Objective: Collect a Representative Sample 

Parameters to be Tested: 1 Volatile Metals i Carbon Oxygen Carbon Particulates HCib 
Water t I Volumetric 

Organics Monoxide Dioxide Content Fl(~a~)te 

Sampling or Monitoring Method: a 
Volatile Or~anic Drah EPA EPA EPA EPA 
Samelin~ rain EMSL Method Method Method Method 5 ( 0 T) Metals 10 g 3A g 3 

Sample Extraction/ Analysis EPA Method Total EPA EPA EPA EPA EPA 
Method Method 3A Method Method Method Method(s): a 5040 Metals 10 3 5 

EPA Method 5 
300.0 

Sampling or Monitoring Design: 1 -20 liters/Pair Tubes :<!60 dscf Single Point Monitoring Single Point h ~60 dscf 
Continuous Emission Integrated 

4 Tube Pairs Collected/ Monitoring 

-Total Number of Samples Collected 3 Analyzed Per Test; 
6 Tests 

6 6 6 6 6 6 6 6 

- Site Blanks 1 Set d 1 0 0 0 1 1 0 0 

., 
- Trip Blanks 1 0 0 0 0 0 0 0 0 

- Lab Blanks 1 1 0 0 0 0 1 0 0 

- Blank Spikes 1 1 0 0 0 0 1 0 0 

- Number of Sample Replicates 0 0 0 0 0 0 3 0 0 

- Number of Matrix Spikes All Samples e 0 0 0 0 0 1 0 0 

-Total Number of Samples Analyzed 21 9 6 6 6 7 13 6 6 

NOTES: a Detailed description of sampling and analysis procedures are presented in Section 6 and Appendix F. f Triplicate tests will be performed for each of two process operating conditions. 
bAn aliquot of the combined impingers one and two will be removed for HCI g Process GEM system to be utilized. 

determination by mercuric nitrate titration (EPA 300.0). h Each Integrated bag sample will be analyzed In triplicate. 
c Trip blanks run only if contamination problems found. i Metals include antimony, arsenic, barium, beryi!Jum, cadmium, 
d Set includes Tenaxrrenax-charcoal tube pair and HPLC water. chromium, lead, mercury, silver, and thallium. 
e All samples spiked with Contractor Laboratory Program (CLP) 

Volatile Organic Analysis (VOA) surrogates, 

204-t0481 
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Stream 

Organic liquid/aqueous 
waste 

Molten glass 

Filter sludge 

Scrubber blowdown 

Scrubber discharge 
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Table 6-6 

Sampling Equipment 

Date: 18 July 1990 
Revision No.: Final 

Sampling Equipment 

Composite liquid waste sampler (Coliwasa) 
and glass volatile organic analysis 
(VOA) bottle with Teflon-lined lid. 

Glass rod and wide-mouth borosilicate 
bottle with Teflon-lined lid. 

Teflon scoop and wide-mouth glass bot
tle with Teflon-lined lid. 

Wide-mouth glass bottle with Teflon
lined lid. 

EPA Method 5 sampling train; volatile 
organic sampling train (VOST); multi
metals sampling train; EPA Methods 3, 
3A, and 10 sampling trains. 
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A glass rod will be used to collect the sample from the molten 
glass. The rod will be inserted into the highly viscous molten 
glass pool through one of the side ports. The rod will be 
rotated a few times so that a glass glob is formed around the 
sampler. The sample will be taken out and quenched immediately 
in deionized water. The sample will be secured in a wide-mouth 
Teflon bottle. 

6.4.2 Sludge 

A grab sample will be collected from the filter sludge after 
each test. Samples will be collected using a Teflon spoon and 
secured in a wide-mouth glass bottle with Teflon-lined lid. 

6.4.3 Liquids 

The following liquid samples will be collected during the trial 
burn. 

• Liquid/aqueous waste 
• Scrubber blowdown liquid 

Liquid/Aqueous Waste 

Using the composite liquid waste sampler (Coliwasa) technique, 
a grab sample will be collected from each drum of waste intro
duced into the feed system. 

The Coliwasa is a device employed to sample free-flowing liq
uids and slurries contained in drums, shallow open-top tanks, 
pits, and similar containers. It consists of a glass, plastic, 
or metal tube equipped with an end closure that can be opened 
and closed while the tube is submerged in the material to be 
sampled (see Figure 6-2). Due to the characteristics of the 
expected waste, Coliwasa construction will be restricted to 
glass or Teflon. 

Coliwasas will be obtained commercially (NASCO) or will be 
fabricated to conform to the specifications detailed in Figure 
6-2. 

The sequence of steps for collecting a sample using a Coliwasa 
are as follows: 

1. Clean Coliwasa. 

2. Adjust sampler's locking mechanism to ensure that the 
stopper provides a tight closure. Open sampler by 
placing stopper rod handle in the T-position and push
ing the rod down until the handle sits against the 
sampler's locking block. 

6-9 
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Tapered _ __,,_ L ' 
Stopper LJ::::I-1 

6.35 em (2 1/2") 

1.52 m (5'-0") 

Sampling Position 

G8-082c 

--II-- 2.86 em (1 1/8") 

T 
T-Handle ---1 17.8 CM (7") 

Locking __,._ 
Block 

. 

-f-

4" 

-'--

-ot-- Stopper Rod, 
0.95 em (3/8") O.D. 

_J.j_ 

14---- Pipe, 
4.13 em (1 5/8") J.D. 

4.26 em (1 7/8" )O.D. 

'1:_,_ __ s 
L..j....j...J - topper, 

U No.9 with 3/8" S.S. 
Nut and Washer 

Close Position 

FIGURE 6-2 COMPOSITE LIQUID WASTE SAMPLER (COLIWASA) 
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3. Slowly lower the sampler into the waste at a rate that 
permits the level of liquid inside and outside the 
sampler to remain the same. If the level of waste in 
the sampler tube is lower inside than outside, the 
sampling rate is too fast and will produce a nonrepre
sentative sample. 

4. When the sampler hits the bottom of 
er, push sampler tube down to close 
per by turning the T-handle unti 1 
one end rests on the locking block. 

the waste contain
and lock the stop
it is upright and 

5. Withdraw Coliwasa from waste and wipe the outside with 
a disposable cloth or rag. 

Collected sample will then be poured into appropriate sample 
bottles. 

Scrubber Slowdown liquid 

One grab sample of scrubber blowdown liquid will be collected 
after each test run. The scrubber 1 iquid wi 11 be replaced with 
fresh solution following each test run. 

6.4.4 Gases 

The following sampling methods will be employed to monitor 
stack exhaust gas conditions. 

Parameter 

Particulates, HCl, volumetric 
flow rate, moisture content 

Volatile organic compounds 

Metals 

Gaseous constituents 
(o2 , co, and co2 ) 

6-11 
0172L 

Sampling Method 

EPA Method 5 sampling 
train 

Volatile organic sam
pling train (VOST) (Per 
SW 846 Method 0030) 

Multi-metals sampling 
train per Draft EMSL 
Method 

Continuous emissions 
monitoring (CEM) system 
for o2 and co 
employing EPA Methods 
3A and 10, respec
tively; integrated 
bag sampling train 
for COz employing EPA 
Method 3 
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A description of each of these methods is described in the fol
lowing subsections. 

6.4.4.1 Method 5 Sampling Train 

One Method 5 sampling train will be used to collect stack 
samples for analysis of the following parameters: 

• Particulates 
• HCl 
• Volumetric flow rate 
• Moisture content 

The standard Method 5 test train will consist of the following 
components: 

• A 316 stainless steel nozzle with an inside diameter 
sized to sample isokinetically. 

• A heated, borosilicate-lined probe, 2 to 3 feet long, 
equipped with a thermocouple to measure flue gas tem
perature, and an 8-type pitot tube to measure flue gas 
velocity pressure. 

• A heated oven containing a borosilicate filter holder 
with a 90-mm quartz fiber filter. 

• An impinger train comprised of 
containing: (1) 100 ml HPLC water; 
water; (3) dry; (4) 300-gm silica gel. 

four impingers 
(2) 100 ml HPLC 

• A vacuum hose to connect the outlet of the· impinger 
train to the control module. 

• A control module containing a 3 cfm carbon vane vacuum 
pump (sample gas mover); a calibrated dry gas meter 
(sample gas volume measurement device); a calibrated 
orifice (sample gas flow rate monitor); and inclined 
manometers (orifice and gas stream pressure indica
tors). 

• A switchable calibrated digital pyrometer to monitor 
flue and sample gas temperatures. 

6.4.4.2 Volatile Organic Sampling Train (VOST) 

The volatile POHCs and products of incomplete combustion (PICs) 
in the stack gas emission stream will be determined using the 
VOST methodology. The sampling train will consist of the fol
lowing components connected in series: 

6-12 
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• A heated Teflon or glass probe containing a glass wool 
(plug) particulate filter. 

e The probe is connected to an ice-water-cooled condenser 
followed by a temperature sensor, an adsorption car
tridge containing 1. 6 grams of Tenax-GC, and a con
densate trap. 

e A section of Teflon tubing to connect the outlet of 
the condensate trap to a second condenser, which is 
followed by a backup sorbent trap containing 1 gram of 
Tenax-GC and l gram of activated charcoal, a second 
condensate collector, and a tube containing silica gel. 

The tube of silica gel is connected via an umbilical 
cord to a control console containing flow controllers, 
a calibrated 1 liter per revolution dry gas meter, a 
sample pump, temperature indicators, and other compo
nents. 

6.4.4.3 Multi-Metals Sampling Train 

The multi-metals sampling train used to measure the target 
metals and to determine the volumetric flow rate and moisture 
content of the scrubber emission stream will consist of the 
following components: 

• A borosilicate nozzle with an inside diameter sized to 
sample isokinetically. 

" A heated borosilicate-lined probe, 2 to 3 feet long, 
equipped with a thermocouple to measure the gas tem
perature, and an s-type pitot tube to measure the gas 
velocity pressure. · 

A heated oven 
with a 90-mm 
support pad. 

containing a borosilicate filter. holder 
quartz fiber filter set on a Teflon 

" An impinger train containing six impingers: (1) dry; 
(2) 100 ml 5 percent HN03/10 percent H202; (3) 
100 ml 5 percent HN03/10 percent H202; (4) 100 
ml 4 percent KMn04/10 percent H2S04; (5) 100 ml 
4 pel:"cent KMn04/10 percent H2S04; ( 6) 300-grams 
silica gel plus a thermocouple to measure sample gas 
exit temperature. 

" A vacuum hose to connect the outlet of the impinger 
train to a control module. 

0172L 

A control module containing a 3 cfm carbon vane vac
uum pump (sample gas mover); a calibrated dry gas meter 
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(sample gas volume measurement device); a calibrated 
orifice (sample gas flow rate monitor); and inclined 
manometers (orifice and gas stream pressure indi
cators) . 

" A switchable calibrated digital pyrometer to monitor 
flue and sample gas temperatures. 

6.4.4.4 Continuous Emissions Monitoring (CEM) System 

The process CEM system will be used 
and oxygen constituents employing 
respectively. 

to monitor carbon monoxide 
EPA Methods 10 and 3A, 

Carbon monoxide is monitored continuously using a sample gas 
extraction system coupled to a Beckman Model 865 non-dispersive 
infrared (NDIR) analyzer as specified in EPA Method 10 (CFR 40, 
Chapter I, App. A). The Beckman instrument has range options 
of 0 to 100 parts per million (ppm) and 0 to 1,000 ppm. The 
analyzer's o to 1,000 ppm range is equipped with a linearizer 
circuit board to provide linear concentration readouts to the 
meter and to a Digistrip III data logger. A gas conditioning 
assembly is used to prepare the flue gas sample for the NDIR 
cell· A gas sample is qrawn from the J1ue duct by way of a 
Lear Siegler probe assembly. This probe features an electric
ally heated filter chamber that is located adjacent to, but 
outside the mounting flange so that the filter can be easily 
maintained. Separate gas connections at the filter permit 
sample extraction, backflush, and calibration gas injection. 
The sample is next drawn through two heat exchanger coils in 
series that are immersed in solution maintained at just above 
freezing temperature. Moisture that condenses from the sample 
is caught in traps. Two additional filters remove remaining 
particle matter from the sample, and then a pump sends it 
through a rotameter and to the analyzer. Span gases of zero 
air, 400 ppm CO, and 1,000 ppm CO are routinely used to cali
brate the analyzer. However, for the trial burn, zero air or 
nitrogen and, three upscale protocol/gas standards will be 
utilized to calibrate the CO analyzer in conformance with EPA 
method 10 requirements. For EPA Method 10, the minimum detect
able concentration of CO has been determined to be 20 ppm in a 
range of 1 to l, 000 ppm. Collaborative tests have shown that 
this method can be executed with accuracies within ±l 0. 1 mg 
CO/m3. 

A Teledyne Model 9700 oxygen analyzer will be used to continu-
ously monitor 0 2 in the exit gas stream. The analyzer em-. 
ploys a microfuel cell (electro-chemical transducer) to provide 
an electrical signal that is directly proportional to, and spe
cific to, oxygen co~centration in the gas adjacent to its sens
ing surface. The instrument is rated to have an accuracy of -1 
percent to +1 percent of scale, over a range selection of 0 to 
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5 and o to 25 percent 02. A sample conditioning system 
cleans and cools the gas sample for the analyzer. Sample gas 
is drawn into the system through a two-way selector valve. 
Cooling water is introduced through a spray nozzle. The sample 
gas and cooling water mixture then enters the pump. The dis
charge of the pump goes through a mixer tube where the sample 
gas is thoroughly scrubbed. The mixer tube empties into a sep
arator, with the water going to a drain and the sample gas (via 
a filter condensate trap) to the oxygen analyzer. During the 
trial burn, zero air or nitrogen and two or three upscale pro
tocol/gas standards will be utilized to calibrate the oxygen 
analyzer in conformance with EPA Method 3A requirements. 

6.4.4.5 Gas Stream Composition Sampling Train 

Carbon dioxide will be sampled in accordance with EPA Method 
3. One train will be used to measure the concentration of 
fixed gases during each sampling period (i.e. , 2 hours) . The 
unheated stainless steel or Teflon gas sampling probe will be 
strapped alongside the multi-metals probe. The Method 3 sam
pling train will consist of the following components: 

• A stainless steel or Teflon probe. 

o An air- or water-cooled condenser to remove moisture 
from the sampled gases. 

A Teflon-coated diaphragm pump to draw a sample of the 
gases. 

• A Tedlar bag to contain the sample of flue gases. 

Carbon dioxide will be analyzed using Orsat techniques. 

6.4.4.6 Volumetric Flow Rate Determination 

The vol~~etric flow rate measurements will be obtained utiliz
ing the procedures outlined in EPA Method 1A and EPA Method 5. 
The velocity measurements will be conducted at a single point 
in the duct. 

6.4.4.7 Test Point Locations and Sample Train Positions 

A schematic showing the positions of sampling trains is shown 
in Figure 6-3. 

The distances between test trains and flow disturbances are 
provided in length (number of feet) and in duct diameters 
(corresponding to 6-inch inside diameter (ID) duct). 

6-15 
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FIGURE 6·3 TEST POINT LOCATIONS AND SAMPLE TRAIN POSITIONS 
FOR STACK GASES 
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The following sampling equipment will be calibrated before and 
after field usage: 

• Velocity measurement devices 
• Gas volume metering equipment 
e Gas flow rate metering systems 
• Gas composition measuring apparatus (Orsat) 

Acceptance limits for calibration for each equipment item are 
shown in Table 6-7. The calibration records will include 
device numbers, calibration dates, methods, data, and results, 
and will be maintained on file in workbooks at the WESTON of
fices. Copies of applicable calibration records will also be 
available at the job site. 

Detailed sampling procedures for the different parameters are 
shown in Figures 6-4 through 6-6, as follows: 

• EPA Method 5 - Particulates and HCl (Figure 6-4) 

• VOST - Volatile organics (Figure 6-5) 

• Multi-metals (Figure 6-6) 

6.6 SAMPLE RECOVERY, STORAGE, AND PRESERVATION 

All samples will be recovered at a field laboratory, located 
indoors next to the site, according to the EPA Reference Method 
procedures. Summaries of the recovery, storage, and preserva
tion procedures are shown in Figures 6-7 through 6-9. Proce
dures are included for the following parameters: 

• EPA Method 5 - Particulate and HCl (see Figure 6-7) 

e VOST - Volatile organics (see Figure 6-8) 

• Multi-metals (see Figure 6-9) 

Note that no special recovery, storage, or preservation prepa
rations are required for the Method 3 (C02) procedure other 
than ensuring that the gas sampling bag, train, and Orsat are 
leak-free; the_ Or sat contains fresh reagents; and the Or sat 
passes the performance check on an ambient air sample. A sche
matic diagram of sample recovery procedure for Method 3 is pre
sented in Figure 6-10. 

6.7 SAMPLE TRANSPORT AND CUSTODY 

Chain-of-custody procedures document the history of samples and 
constitute a crucial part of sampling and analysis programs. 

6-17 
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Table 6-7 

Activity Matrix for Calibration of Equipment 

Apparatus 

Wet test 
meter 

Dry gas 
meter 

Thermometers 

Acceptance Limits 

Capacity 3.4 cu m/hr 
(120 cu ft/hr); 
accuracy within ~1.0 
percept. 

Yl=:t:0.02Y 

Impinger thermometer 
±l°C (2°F}; drygas 
meter thermometer 
±3°C (5.4°F) over 
range; stack 
temperature sensor 
±1. 5 percent of 
absolute temperature. 

Probe heating Capable of 
system maintaining 120°C 

±14°C (248°F :t: 25°F) 
at a flow rate of 
20 1/min (0.71 cu ft/ 
min). 

Frequency and Method 
of Measurement 

Calibrate initially, 
and then yearly by 
liquid displacement. 

Calibrate versus wet 
test meter initially, 
and when post-test 
check exceeds Y ~ 
0. 05 Y. 

Action 
If Requirements 

Are Not Met 

Adjust until 
specifications 
are met, or 
return to 
manufacturer. 

Repair or replace 
and then 
recalibrate. 

Calibrate each Adjust; determine 
in_i tial_ly as a a constant 
separate component correction factor; 
against a mercury-in- or reject. 
glass thermometer; 
then before each 
field ~rip compare 
as part of the train 
with the mercury-
in-glass thermometer. 

Calibrate component 
initially by APTD-
0576 if constructed 
by APTD-0581, or use 
published calibration 
curves. 

Repair or replace 
and then reverify 
the caldbration. 

* EPA 600/9-76-005, Quality Assurance Handbook for Air Pollution Measurement 
Systems Volume III, U.S. EPA, Office of Research and Development, 
Environmental Monitoring and Support Laboratory, Research Triangle Park, 
North Carolina, January 1976, as revised. 
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Apparatus 

Barometer 

Probe nozzle 

S-type pitot 
tube and/or 
probe 
assembly 

Stack gas 
temperature 
measurement 
system 

Analytical 
balance 
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Table 6-7 
(continued) 

Acceptance Limits 

~2.5 mm (0.1 in.) Hg 
of mercury-in-glass 
barometer 

Frequency and Method 
of Measurement 

Calibrate initially 
versus mercury-in
glass barometer; 
check before and 
after each field 
test. 

Action 
it Requirements 

are not Met 

Adjust to agree 
with a certified 
barometer. 

Average of three I.D. Use a micrometer to Recalibrate, 
measurements of 
nozzle; difference 
between high and'low 
<0.1 mm (0.004 in.). 

All dimension 
specifications met, 
or calibrate 
according to 

.Subsection 3.1.2, 
and mount in an 
interference-free 
manner. 

Capable of measuring 
within 1.5 percent 
of minimum absolute 
stack temperature. 

~1 mg of Class S 
weights. 

measure to nearest reshape, and 
0.025 mm (0.001 in.). sharpen when 

nozzle becomes 
nicked, dented, or 
corroded. 

When purchased, use 
method in Subsections 
3.1.1 and 3.1.2; 
visually inspect 
after each field 
test. 

When purchased and 
after each field 
test, calibrate 
against ASTM 63C or 
63F thermometer. 

Do not use pitot 
tubes that do not 
meet face opening 
specifications; 
repair or replace 
as required. 

Adjust to agree 
with Hg bulb 
thermometer, or 
construct a 
calibration curve 
to correct the 
readings. 

Check with Class S Adjust or repair. 
weights upon receipt. 
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Apparatus 

Differential 
pressure 
gauge (does 
not include 
manometers) 

Or sat 
analyzer 

Rotameter or 
rate meter 

0172L 

Table 6-7 
(continued) 

Acceptance Limits 

Agree within .:!::5 
percent of inclined 
manome-ters 

Average of three 
replicates should be 
20.9 ±0.5 percent 
(absolute)or known 
concentration ±0.5 
(absolute). 

Smooth curve of 
rotameter actual 
flow rates with no 
evidence of error. 

Frequency and Method 
of Measurement 

Initially and after 
each field use. 

Upon receipt and 
before any test in 
which the analyzer 
has not been checked 
during the previous 
3 months; determine 
percent o2 __ in 
ambient air, or use 
a calibration gas 
with known CO, COz, 
and Oz concentra
tions. 

Check with wet test 
meter or volume 
meter at 6-month 
intervals or at 
indication of 
erratic behavior. 
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Action 
if Requirements 

are not Met 

Reject test 
results, or 
consult 
administrator if 
post-test 
calibration is out 
of specification. 

Check Orsat ana
lyzer for leaking 
valves, for 
spent absorbing 
reagent, and/or 
operator 
tech_niques; take 
corrective action. 

Repeat calibration 
steps until limits 
are attained. 
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Attach Nozzle to 
Probe and Probe to 

Attach Sampling Connect Umbilical to 
Filter Holder Control Module and 

Attach lmpinger Train Components at 
to lmpinger No. 4 

Train to Filter Holder Sampling Site 
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Tubing 
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Manometers Assembled Sampling on Field Data Sheet 

Train at 15" Hg 
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FIGURE 6-5 SAMPLING PROCEDURES FOR VOST 
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FIGURE 6-6 SAMPLING PROCEDURES FOR MULTI-METALS 
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FIGURE 6-7 SAMPLE RECOVERY PROCEDURES FOR METHOD 5 ·PARTICULATE AND HCL 
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FIGURE 6-8 SAMPlE RECOVERY PROCEDURES FOR VOST 
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FIGURE 6-9 SAMPLE RECOVERY PROCEDURES FOR MULTI-METALS 
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FIGURE 6-10 SAMPlE RECOVERY PROCEDURES FOR METHOD 3-C02 
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Chain-of-custody documentation assists 
fication and tracing of a sample from 
through the time of analysis. 

Date: 18 July 1990 
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and enables the identi
the time of collection 

As samples are collected, entries will be made on the chain
of-custody forms. Data to be noted include: 

• Date 
• Samples 
• Sample description 
• Client/program 
• Container and preservative 
• Analyses required 
• Special instructions/notes 

Sample containers are also labelled with: 

• Date 
• Sample description 
• Preservatives 
• Analyses required 
• Client/program 

All volatile organics samples will be stored on ice at approxi
mately 4°C. Process samples (sludge, molten glass, and liq
uids) will be stored separately from the stack samples to avoid 
cross contamination. When samples are received at the labora
tory, the sample custodian will verify each and every sample 
against the chain-of-custody forms, note any discrepancies or 
losses of samples, and then sign for receipt of the samples. 
Samples will remain under the control of the sample custodian 
until samples are transferred to the analysts for processing. 
Analysts will acknowledge receipt of samples by signing the 
chain-of-custody forms. · 

6.8 SAMPLE COLLECTION AND ANALYSIS TURNAROUND TIME 

A surrunary of sample holding times is provided in Table 6-8. 
The following information is also provided: 

" Matrix (e.g., scrubber b1owdown) 

• Parameter (e.g., particulates) 

• Maximum holding time between collection and analysis 
or extraction, as appropriate 

6.9 ANALYTICAL PROCEDURES 

Sample 
WESTON 
WESTON 

0172L 

analyses for all parameters will be conducted at the 
laboratory located in Lionville, Pennsylvania. The 
laboratory is certified by several state agencies to 
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Matrix 

Organic Liquid/ 
Aqueous Waste 

Molten Glass 

Filter Sludge 

Scrubber 
Blowdown 

Stack 
Gases 

Volatile 
Organics 

14 days 

N.A. 

14 days 

14 days 

14 days 

Metals 
(Except H

9
)a 

6 months 

6 months 

6 months 

6 months 

6 months 

N.A. -Not applicable 
3 Holding time for mercury is 28 days 
bNone pub 1 ished 

0172L 

Table 6-8 

Summary of Sample Holding Times 

Particulates HCl 

N.A. N.A. 

N.A. N.A. 

N.A. N.A. 

N.A. N.A. 

Parameter 

Carbon 
Dioxide 

N.A. 

N.A. 

N.A. 

N.A. 

28 days 28 days 24 hours 

Suspended 
Solids 

N.A. 

N.A. 

N.A. 

7 days 

N.A. 

pH 

N.A. 

N.A. 

N.A. 

Total Sulfur 
Chlori11e Content 

28 days N.A.b 

N.A. N.A. 

N.A. N.A. 

Imme-di- 28 days N.A. 
ate 1 y 

N.A. N.A. N.A. 

Percent 
Ash 

7 days 

N.A. 

N.A. 

N.A. 

N.A. 

Date: uly 1990 
Revision No.: Final 

Heating 
Value 

N.A. 

N.A. 

N.A. 

N.A. 

N.A. 

Water 
Content 

N.A. 

N.A. 

N.A. 

'" 
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perform a variety of analyses of air, water, wastewater, and 
soil samples. 

6.9.1 Analytical Methods 

A summary of the extraction and analytical methods is presented 
in Tables 6-1 through 6-5. Analytical methods for liquids and 
solids are presented in Appendix E, while the analytical methods 
for stack gases are presented in Appendix F. 

6.9.2 Analytical Equipment 

WESTON's analytical laboratory is equipped to perform environ
mental analyses. The three main instrumentation laboratories 
are: 

• Organic Laboratory 
• Inorganic Laboratory 
• Gas chromatography/mass spectrometry (GC/MS) Laboratory 

An inventory of analytical equipment available at the Lionville 
laboratory is shown in Table 6-9. 

6 . 1 0 REAGENTS 

Only those reagents that are specified in the preparation, sam
pling, recovery, or analytical methods will be used during the 
trial burn. 

6.11 REAGENTS PREPARATION 

All reagents used in the preparation, sampling, recovery, ex
traction, or analytical methods will be of nanograde quality 
(i.e., distilled in glass). The VOST sorbents will be prepared 
according to Method 0030 requirements. 

6.12 CALIBRATION .STANDARDS 

The calibration standards will be those that are specified in 
the appropriate methods. 

6.13 CALIBRATION PROCEDURES 

The calibration procedures will be those that are specified in 
the appropriate methods. 

6.14 SAMPLE METHOD BLANKS 

The sample method blanks (i.e., laboratory blank, blank spikes, 
blank spike duplicates) that will be analyzed during the dem
onstration test program are those that are specified in Tables 
6-1 through 6-5. 

6-30 
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Table 6-9 

WESTON Analytics 
Inventory of Analytical Equipment 

At Lionvi lie Laboratory 

Type 

High Pressure Liquid Chromatograph 
Ion Chromatograph 
Atomic Absorption Apparatus 
Technicon Automatic Analyzer 
Gas Chromatograph/Mass Spectrometer 
Total Organic-Halide Analyzer 
Inductively Coupled Plasma Apparatus 
Chromatograph Integrators 
Organic and Total Carbon Analyzers 
Gas Chromatograph Detectors 

Flame Ionization Detectors (5) 
Electron Capture Detectors (12) 
Hall Electrolytic Conductivity Detectors (2) 
Photoionization Detector (4) 
Flame Photometric Detector (1) 
Nitrogen Phosphorus Detector (1) 

Gas Chromatographs 
Purge and Traps 
Spectrophotometers 
pH Instruments 
Specific Ion Analyzer 
Liquid Scintillation Counter 

0172L 
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Quantity 

2 
1 
3 
1 

ll 
3 
3 
2 
2 

25 

25 
5 
4 
4 
1 
1 
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6.15 LABORATORY QUALITY CONTROL ACCEPTANCE CRITERIA 

Summaries of the laboratory quality control acceptance criteria 
to be adhered to during the trial burn program are provided in 
Tables 6-10 through 6-12. A copy of the QA/QC plan is con
tained in Appendix G. 

6.16 DATA REPORTING 

A summary of the data to be obtained during the trial burn and 
to be presented in the final test report is included in Table 
6-13. 

6.17 AUDIT ANALYSIS 

WESTON wi 11 analyze audit samples (i.e. , VOST) provided by the 
State of Ohio EPA or the U.S. EPA during the trial burn program. 

6-32 
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Quality Assurance/Quality Control Requirements 
for Trial Burn 

Volatile Organics 

VOST 8240 
(Total (ug/L or Metals Chloride 

Analysis ng) ug/kg) (ug/L) (mg/L) 

Detection 
Limits a 25-50 5-10 0.2-50 0.5 

Initial Cal. 
(% RSD) <30% <30% <30% <30% 

Continuing 
Cal. (% RPD) .$_25% <25% <10% <10% 

Precision 
(% RPD) N/A <40% <20% <20% 

Surrogate 
Recovery 50-150% Table 6-11 N/A N/A 

Spike 
Recovery N/A Table 6-12 75-125% 75-125% 

Completeness 90% 90% 90% 90% 

aRefer to individual methods for analyte specific detection 
limits. 

Cal. -Calibration 
N/A - Not Applicable 

RPD =Relative-Percent Difference 
RSD = Relative Standard Deviation 

6-33 
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Fraction 

VOA 
VOA 
VOA 
VOA 
VOA 

0172L 

Table 6-11 
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Matrix Spike Recovery Limits - VOA 

Matrix Spike Compound Water Soil/Sediment 

1,1-Dichloroethene 61-145% 59-172% 
Trichlorethene 71-120% 62-137% 
Chlorobenzene 75-130% 60-133% 
Toluene 76-125% 59-139% 
Benzene 76-127% 66-142% 
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Contract Required Surrogate Spike Recovery Limits - VOA 

Fraction surrogate Compound Water Low/Medium Soil 

VOA Toluene-da 88-110% 81-117% 
VOA 4-Bromofluorobenzene 86-115% 74-121% 
VOA 1,2-Dichloroethane-d4 76-114% 70-121% 

6-35 
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Table 6-13 
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Summary of Data to be Obtained During the Trial Burn 
and to be Presented in the Final Test Report 

Item 

Organic liquid/ 
aqueous waste 

Molten glass 

Filter sludge 

Scrubber 
blowdown 

Stack gas 

Ol72L 

Data Reported 
for Each Test Run 

Volatile organics 
concentration and mass 
flow rate 

Total chlorine concentration 
and mass flow rate 

Heating value 
Water content 
Ash 
Metals concentration and 

mass flow rate 
Volumetric flow 

rate (liquid) 
Total sulfur concentration 

and-mass flow rate 

Metals concentration 

Volatile organic~ 
concentration 

Metals concentration 

Volatile organics 
concentration 

Suspended solids 
pH 
Total chlorine concentration 
Metals concentration 

Average particulate 
concentration 

Particulate mass 
emission rate 

6-36 

Reporting 
Units 

ug/g;lb/hr 

ug/g; lb/hr 

Btu!lb 
percent by weight 
percent by weight 
ug/g; lb/hr 

gpm 

ug/g; lb/hr 

ug/L 

ug/g 
ug/L 

ug/L 
percent by weight 

ug/g 
ug/L 

grains (gr)/wscf; 
gr/dscf @ 
7"'"o 02 

lb/hr 



Item 

Stack sampling 
data 

0172L 

Table 6-13 
(continued} 

Data Reported 
for Each Test Run 

HCl concentration 
HCl mass emission rate 
Volatile organics 

concentration 
Volatile organics mass 

flow rate 
Carbon dioxide concen

tration (dry basis) 
Oxygen concentration 

(dry basis) 
Carbon monoxide concen-

tration (dry basis) 
Metals concentrations 
Metals mass emission rate 
Moisture content 
Molecular weight of dry gas 
Molecular weight of 

wet gas 
Static pressure 
Absolute pressure 
Average temperature 
Average gas stream 

velocity 
Sectional area 
Average gas stream 

volumetric flow rate 

Sampling duration 
Nozzle diameter 
Cross-sectional area of 

nozzle 
Barometric pressure 
Average orifice pressure 

differential 
Average dry gas meter 

temperature 
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Reporting 
Units 

ppm by volume 
lb/hr 

lb/dscf; ppb/volume 

lb/hr 

percent by volume 

percent by volume 

ppm by volume 
g/dscf; lb/dscf 
lb/hr 
percent by volume 
lb/lb-rnol 

lb/lb-rnol 
in. HzO; 
in. Hg 
OF; OR 

ft/sec 
sg ft 

in. Hg 

wscf/min;dscf/min 

minutes 
inches 

sg ft 
in. Hg 

in. H2o 



Item 

System 
Performance 
Characteristics 

0172L 

Table 6-13 
(continued) 

Data Reported 
for Each Test Run 

Average absolute dry 
gas meter temperature 

Total liquid collected 
by train 

Standard volume of water 
vapor collected 

Sample volume at meter 
conditions 

Sample volume at 
standard conditions 

Particulate front-half 
wash residue catch 
fraction 

Particulate filter 
catch fraction 

Tota1 pa_r-_ticul_at_e c_a_t_c_h 
weight 

Total mass of POHCs in the 
feed 

Total mass of POHCs in 
exhaust emissions 

DRE 
HCl removal efficiency 
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Reporting 
Units 

ml 

cu ft 

cu ft 

dscf 

grams 

grams 

grams 

lb/hr 

lb/hr 
percent 
percent 

Final 
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SECTION 7 

TRIAL BURN SCHEDULE 

The trial burn program will 
consisting of three tests. 
sented in Subsection 4.2. 

7.1 OVERALL SCHEDULE 

be conducted in two scenarios, each 
A summary of each scenario is pre-

The tentative overall schedule of the trial burn program is 
presented in Figure 7-1. The schedule shows the number of days 
instead of the dates, since the actual operating schedule is 
not known at this time. It is anticipated that one test per 
day will be conducted. Up to two (2) tests per day will be 
conducted, however, time permitting. 

7.2 TYPICAL DAILY SCHEDULE 

A breakdown of the schedule for typical activities on the days 
when trial burn tests are conducted is shown in Figure 7-2. A 
typical test will consist of a minimum of 4 hours of steady
state operation. 

7.3 QUANTITY OF WASTE 

Based on a 4-hour test duration, the quantity of waste required 
for each test will be 280 pounds, as follows. 

Waste required per test 

0172L 

= 70 lb X 4 
hr 

7-1 

hr = 280 lb 
test 
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SECTION 8 

TRIAL BURN PROTOCOL 

8 . 1 WASTE TYPES 
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The typical waste types that the facility is expected to treat 
on a regular basis are summarized in Appendix C. However, dur
ing the trial burn, synthetic waste streams will be designed to 
simulate typical waste characteristics and their heating values. 

Two scenarios will be evaluated: l) liquid waste with a high
heating value; and 2) aqueous waste with a low-heating value. 
The synthetic waste compositions for each scenario are pre
sented in Tables 4-l and 4-2. 

8.2 TEMPERATURE RANGES 

After the steady-state conditions have been reached, the molten 
glass furnace temperature will be maintained between l700°F and 
2450°F. 

8.3 WASTE FEED RATES 

Waste feed rate was designed to simulate maximum heat input 
conditions during full-scale operation. Based on the designed 
synthetic waste feeds, a waste feed rate of 70 lb/hr will be 
employed during the trial burn. 

8.4 COMBUSTION GAS VELOCITY 

Combustion gas velocity will be a function of the thermal con
tent of the waste being processed. Sufficient air will be ad
mitted to the furnace to ensure that chamber oxygen content is 
not less than 7 percent as measured by the process oxygen moni-. 
tor at the stack. The maximum velocity will be 50 feet/second 
(fps) as measured by flow meters in the stack. Since no dilu
tion air is being admitted downstream of the furnace, this will 
be an indicator of combustion gas velocity when adjusted for 
furnace conditions. 

8.5 STACK FLOW PARAMETERS 

The maximum stack flow parameters are as follows: 

Maximum Stack Temperature 
Maximum Stack Gas Velocity 
Maximum Flow Rate 

Ol72L 
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205°F 
50 fps 

600 acfm 



8.6 USE OF AUXILIARY FUEL 

Date: 18 July 1990 
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Auxiliary fuel will be used during start up of ·the system . 
During cold startup, glass melting is initiated by means of a 
400,000 Btu/hr, propane fired burner . As glass melts, it be
comes conduct i ve. The energy requirements for cont i nuing the 
state change, raising, and then maintaining the bed temperature 
can gradually be assumed by electric current. The auxiliary 
fuel system will not be used once the glass is in a mo l ten 
state . 

8-2 
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SECTION 9 
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OPERATING CONDITIONS FOR EMISSION CONTROL EQUIPMENT 

Process operating emission parameters that will be maintained 
during the trial burn program are presented in Table 9-1. 

9-1 
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Table 9-1 
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Operating Conditions for Emission Control Equipment 

Anticipated Control Required 
Parameter Value Limits Value 

Combustion air flow 
rate (scfm) 175 NA NA 

Residence time (sec) 1.6 l.0-2.0 NA 

Stack gas oxygen 
(percentage dry volume) 7.0 12.0 NA 

Stack gas carbon 
monoxide (ppm) 0 100 100 

Combustion efficiency 
(percentage) 99.95 99.90 99.9 

NA = Not applicable 

9-2 
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SECTION 10 

SHUTDOWN PROCEDURES 

10.1 THE AUTOMATIC WASTE FEED CUTOFF SYSTEM 

Date: 18 July 1990 
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All critical process data, including system pressures, tempera
tures, and analyzer information, are fed to a Kaye Instrument 
Digi strip II I Recorder Data Logger for moni taring and record
ing. Alarm set points (high, low, and rate of change) can be 
programmed independently for each input channel. Waste feed 
cutoff will be initiated automatically when selected measure
ments fall outside prescribed ranges. For liquid feed opera
tions, Digistrip relays will interact with the waste feed sys
tem, tripping the system shutoff valve when selected results 
are outside specified limits. 

The warning and shutdown parameters of the automatic waste feed 
cutoff system are presented in Table 10-1. 

10-1 
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Table 10-1 

Date: 18 July 1990 
RevislonNo.: Final 

limits of Automatic Waste Feed System Parameters 

Parameter 

High CO 

Low furnace chamber: 
draft 

High furnace chamber: 
draft 

High furnace chamber temperature 
(Feed end thermocouple) 

Low. furnace chamber temperature 
(Off-gas end thermocouple) 

High furnace chamber temperature 
(Off-gas end thermocouple) 

Low scrubber pH 

Low venturi differential pressure 

High venturi differential pressure 

High offgas temperature 
(After spray tank) 

High offgas temperature 
(After venturi) 

High scrubber liquid feed flow 

Low scrubber liquid feed flow 

low flue gas velocity 

High flue gas velocity 

0172L 

Warning 

50 ppm peak 

2,400"F 

7.5 

200"F 

190"F 

Warning and Feed Shutdown 

100 ppm peak 
100 ppm 1-hour rolling 
average (or equivalent) 

0.25 in. water column 

6.00 in. water column 

2,500"F 

I ,500"F 

2,500"F 

7.0 

25 in. Wdter column 

55 in. water column 

205"F 

205"F 

0.4 gal/minute 

0.03 gal/minute 

100 feet/minute (1.7 
feet/second) 

50 feet/second 

® 
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Appendix A 

Determination of Radionucl ide Emissions 



, 0173L 

COMPUTER RUN FOR 
SCENARIO '1 -

EXPECTED WASTE.COMPOSITION 



METEOROLOGICAL AND PLANT INFORMATION SUPPLIED TO PROGRAM----

AVERAGE VERTICAL TEMPERATURE GRADIENT OF THE AIR (DEG K/METER) 
IN STABILITY CLASS E 0.0728 

0.1090 
0 .1455 

IN STABILITY CLASS F 
IN STABILITY CLASS G 

PLUME DEPLETION AND DEPOSITION PARAMETERS 

NUCLIDE 

H-3 
PU-239 
TH-232 

GRAVITATIONAL 
FALL VELOCITY 
( METERS/SEC ) 

0.000 
0.000 
0.000 

DEPOSITION VELOCITY 

( METERS/SEC ) 

0.00000 
0.00180 
0.00180 

A-1 

SCAVENGING 
COEFFICIENT 

( 1/SEC) 

O.OOOE+OO 
0 .lOOE-04 
0 .lOOE-04 

EFFECTIVE DECAY 
CONSTANT IN PLUME 
(PER DAY) 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 



FREQUENCY OF ATMOSPHERIC STABILITY CLASSES FOR EACH DIRECTION 

SECTOR FRACTION OF TIME IN EACH STABILITY CLASS 

A 8 c 0 E F G 

N 0.0000 0.0365 0.0807 0.6076 0.1295 0.1239 0.0218 
NNW 0.0000 0.0566 0.0860 0.4061 0.2436 0.1671 0.0405 

NW 0.0000 0.0963 0.1089 0.5333 0.1320 0.1295 0.0000 
WNW 0.0000 0 .1446 0.0889 0.4547 0.1893 0 .1225 0.0000 

w 0.0254 0.0848 0.1624 0.2610 0.1382 0.2905 0.0378 
WSW 0.0550 0 .1068 0.1334 0.2456 0.0855 0.2098 0.1639 

sw 0.0168 0.0439 0.2591 0.4356 0.0524 0.1922 0.0000 
ssw 0.0181 0.0746 0.1303 0.4613 0 .1270 0.1484 0.0404 

s 0.0000 0.0802 0.1312 0.4922 0.0874 0.1070 0.1020 
SSE 0.0101 0.0771 0.0881 0.5936 0.1021 0.0991 0.0300 

SE 0.0076 0.0455 0.0854 0.5754 0.1004 0.1178 0.0678 
ESE 0.0000 0.0190 0.0731 0.6497 0.1066 0.0971 0.0544 

E 0.0083 0.0489 0.0863 0.5765 0.0844 0.1398 0.0558 
ENE 0.0068 0.0222 0.1511 0.5200 0.1428 0.1167 0.0404 

NE 0.0044 0.0299 0.1068 0.5621 0.1731 0.0784 0.0454 
NNE 0.0000 0.0207 0.0776 0.6752 0.1277 0.0759 0.0230 

A-2 



FREQUENCIES OF WIND DIRECTIONS AND RECIPROCAL-AVERAGED WIND SPEEDS 

JIND FREQUENCY WIND SPEEDS FOR EACH STABILITY CLASS 
TOWARD (METERS/SEC) 

A B c D E F G 

N 0.090 0.00 2.12 3.98 4.69 3.34 1.94 0.77 
NNW 0.032 0.00 1.37 3.79 3.65 3.13 2.31 0.77 

NW 0.039 0.00 1.65 3,.52 3.15 3.08 2.32 0.00 
WNW 0.023 0.00 1.36 3.83 3.44 3.17 1.85 0.00 w 0.035 1.68 2.00 2.49 3.02 3.12 1.91 0.77 
WSW 0.024 1.70 2.62 3.12 2.20 2.76 2.32 0.77 sw 0.026 1.68 0.97 2.17 3.44 2.87 2.32 0.00 ssw 0.049 1.68 2.23 2.95 4.47 2.98 2.10 0.77 s 0.071 0.00 1.77 2.85 4.27 3.44 2.32 0.77 
SSE 0.044 1.68 1.62 2.31 3.72 3.60 2.31 0.77 

SE 0.058 1.68 1.45 2.41 4.82 3.89 2.09 0.77 
ESE 0.096 0.00 2.57 3.11 4.81 3.84 2.15 0.77 

E 0.105 1.06 1.92 3.62 4.32 3.85 2.02 0.77 
ENE 0.065 1.68 2.75 3.05 4.77 3.96 2.11 0.77 

NE 0.101 1.68 1 .31 3.98 4.71 3.39 2.31 0.77 
NNE 0.142 0.00 2.54 4.35 5.71 3.61 2.31 0.77 

A-3 



FREQUENCIES OF WIND DIRECTIONS AND TRUE-AVERAGE WIND SPEEDS 

WIND FREQUENCY WIND SPEEDS FOR EACH STABILITY CLASS TOWARD (METERS/SEC) 

A 8 c D E F G 

N 0.090 0.00 3.03 4.28 5.44 3.58 2.32 0.77 NNW 0.032 0.00 2.44 4.10 4.70 3.36 2.49 0.77 NW 0.039 0.00 2.41 4.25 4.43 3.29 2.49 0.00 WNW 0.023 0.00 2.04 4.43 4.22 3.40 2.27 0.00 w 0.035 2.16 2.87 3.77 3.36 3.34 2.30 0.77 WSW 0.024 2.18 3.18 3.66 3.58 2.87 2.49 0.77 sw 0.026 2 .16 1.30 3.45 4.34 3.02 2.49 0.00 ssw 0.049 2.16 3.15 3.79 5.33 3.17 2.40 0.77 s 0.071 0.00 2.40 3.76 5.00 3.67 2.49 0.77 SSE 0.044 2.16 2.42 3.89 4.87 3.82 2.48 0.77 SE 0.058 2.16 2.17 4.05 5.57 4.05 2.40 0.77 ESE 0.096 0.00 3.12 4.37 5.92 4.01 2.42 0.77 E 0.105 1.47 2.80 4.15 5.68 4.03 2.36 0.77 ENE 0.065 2.16 3.32 4.32 5.84 4.11 2.40 0.77 NE 0.101 2.16 1.99 4.50 5.73 3.63 2.49 0.77 NNE 0.142 0.00 3.08 4.87 6.34 3.83 2.48 0.77 
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40 CFR Part 61 
National Emission Standards 
for Hazardous Air Pollutants 

CLEAN AIR ACT COMPLIANCE REPORT 
(Version 3.0 November 1989) 

Facility: MOUND PLANT 

Address: P, 0. BOX 3000 
MIAMISBURG , OH. 45343 

Annual Assessment for Year: 1990 
Date submitted: 7/18/90 

Comments: GLASS MELTER TRIAL BURN PLAN ANALYSIS 

Prepared By: 

Name: 
Title: 
Phone #: ( ) 

Prepared for: 
U.S. Environmental Protection Agency 

Office of Radiation Programs 
Washington, D.C. 20460 
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CLEAN AIR ACT COMPLIANCE REPORT 7/18/90 9:53 AM 

- ~ility: MOUND PLANT 
.~dress: P, 0. BOX 3000 

:omments: GLASS MELTER TRIAL 
Year: 1990 

City: MIAMISBURG 
BURN PLAN ANALYSIS 

Dose Equivalent Rates to Nearby 
_________ .Individuals (mrem/year) ______ ~ 

Effective :: :: 
Dose Equivalent : : 0.1000 : l 

Highest Organ 
Dose is to 

ENDOSTEUM 

I I I I :!------------------------------------------:: 
I I I I 

:: 0.1400 :: 
f I I I I I I I 

State: OH 

------------------------EMISSION INFORMATION-------------------------

~--------:----- ----:--------: 
l Radio- : : 
! nuclide!Class Amadl 

I I 
I I 

Stack 
#1 

( Ci/y) 
'--------!----- ----:--------

H-3 l * O.Ol 1.1E+02 
PU-239 : Y 1 1.o: t.sE-05 
TH-232 ! Y l l.Ol S.OE-06 

I I I 
--:-:--...,--' I ----1 --,--.,..,-Stack Height (m) l 14.63 
Stack Diameter (m) : 1.22 

Momentum ( m/s) 5. 7 

--------------------------SITE INFORMATION---------------------------

Wind Data 
Food Source 
Distance to 

Individuals ( m) 

:------------------: 
DAY1502.WND 

LOCAL 
470 

Temperature (c) 
Rainfall (cm/y) 

Lid Height ( m) 

:---------------: 
20 

100 
1000 

*NOTE: The results of this computer model are dose estimates. 
They are only to be used for the purpose of determining 
compliance and reporting per 40 CFR 61.93 and 40 CFR 61.94. 
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7/18/90 9:53 AM 

ORGAN DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 

ORGAN 

GONADS 

BREAST 

RED MARROW 

LUNGS 

THYROID 

ENDOSTEUM 

REMAINDER 

EFFECTIVE 

DOSE EQUIVALENT RATE 
TO THE ORGAN 

( mrem/y) 

9.0E-02 

8.9E-02 

9.4E-02 

1.2E-Ol 

8.9E-02 

1.4E-Ol 

1.2E-Ol 

l.OE-01 

MOUND PLANT 

A-7 



INGESTION 

INHALATION 

AIR IMMERSION 

GROUND SURFACE 

TOTAL: 

7/18/90 9:53 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 
BY PATHWAY FOR ALL RADIONUCLIDES 

EFFECTIVE 
DOSE EQUIVALENT 

( mrem/y) 

8.3E-02 

1.9E-02 

1.2E-12 

1 .6E-07 

l.OE-01 

MOUND PLANT 

A-8 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
( mrem/y) 

7 .lE-02 

7.4E-02 

1.3E-12 

7.2E-08 

1.4E-01 



RADIONUCLIDE 

H-3 

PU-239 

TH-232 

TOTAL 

7/18/90 9:53 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 
BY RADIONUCLIDE FOR ALL PATHWAYS 

EFFECTIVE 
DOSE EQUIVALENT 

( mrem/y) 

9.5E-02 

5.4E-03 

1.7E-03 

1.0E-01 

MOUND PLANT 

A-9 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
( mrem/y) 

7.0E-02 

5.9E-02 

1 .SE-02 

1.4E-01 



DIRECTION 

7/18/90 9:53 AM 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF DISTANCE IN THE DIRECTIONS OF THE 

MAXIMALLY EXPOSED INDIVIDUAL FOR 
ALL RADIONUCLIDES AND ALL PATHWAYS 

NORTH-NORTHEAST 

DISTANCE 
(meters) 

470 
1000 
3000 

10000 
80000 

MOUND PLANT 

A-10 

EFFECTIVE DOSE 
EQUIVALENT 

( mrem/y) 

l.OE-01 
4.2E-02 
9.0E-03 
1.9E-03 
1.7E-04 



DIRECTIONS: 

DISTANCE 
(METERS): 

470 

1000 

3000 

10000 

80000 

DISTANCE 
(METERS): 

470 

1000 

3000 

10000 

80000 

7/18/90 9:53 AM 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF ALL DISTANCES AND ALL DIRECTIONS FOR ALL 

RADIONUCLIDES AND ALL PATHWAYS 

N NNE NE ENE E ESE ------- ------- ------- ------- ------- -------

7.2E-02 1.0E-01 8.4E-02 5 .lE-02 8.5E-02 7.5E-02 

3.3E-02 4.2E-02 3.4E-02 2.2E-02 3.8E-02 3.2E-02 

7.6E-03 9.0E-03 7.3E-03 S.OE-03 9.0E-03 7 .lE-03 

1.6E-03 1.9E-03 1.7E-03 1.2E-03 2.2E-03 1.8E-03 

1.5E-04 1.7E-04 1.7E-04 1.2E-04 2.3E-04 1.8E-04 

s ssw sw WSW w WNW ------- ------- ------- ------- ------- -------

5.8E-02 4.0E-02 2.8E-02 2.0E-02 2.9E-02 2 .SE-02 

2.3E-02 1.8E-02 1.2E-02 9.7E-03 1.7E-02 1.1E-02 

5.3E-03 4.3E-03 2.6E-03 2.5E-03 4.6E-03 2.3E-03 

1.6E-03 9.9E-04 4.8E-04 8.2E-04 1.0E-03 4.4E-04 

1.8E-04 9.9E-05 3.9E-05 l.OE-04 1.0E-04 3.6E-05 

MOUND PLANT 

A-ll 

SE SSE 
------- -------

4.6E-02 4.4E-02 

2.0E-02 1.7E-02 

4.5E-03 3.5E-03 

1.2E-03 7.6E-04 

1.3E-04 6.7E-05 

NW NNW 
------- -------

4.2E-02 3.0E-02 

1.7E-02 1.4E-02 

3.7E-03 3.3E-03 

6.8E-04 7.5E-04 

5.2E-05 7.4E-05 



0173L 

COMPUTER RUNS 
FOR SCENARIO 2 -

INDIVIDUAL RADIONUCLIDES 



40 CFR Part 61 
National Emission Standards 
for Hazardous Air Pollutants 

CLEAN AIR ACT COMPLIANCE REPORT 
(Version 3.0 November 1989) 

Facility: MOUND PLANT 

Address: P, 0. BOX 3000 
MIAMISBURG , OH. 45343 

AnnuaJ Assessment for Year: 1990 
Date Submitted: 7/18/90 

Comments: GLASS MELTER TRIAL BURN PLAN ANALYSIS 

Prepared By: 

Name: 
Title: 
Phone #: ( ) 

Prepared for: 
U.S. Environmental Protection Agency 

Office of Radiation Programs 
Washington, D.C. 20460 
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CLEAN AIR ACT COMPLIANCE REPORT 7/18/90 9:57 AM 

;ility: MOUND PLANT 
Address: P, 0. BOX 3000 

:omments: GLASS MELTER TRIAL 
Year: 1990 

City: MIAMISBURG 
BURN PLAN ANALYSIS 

Dose Equivalent Rates to Nearby 

Effective : l 
________ Individuals (mrem/year) ______ ~ 

Dose Equivalent:: 0.1000 
I I 

Highest Organ 
Dose is to 

REMAINDER 

: :------------------------------------------
1 ' I I 
I I 
I I 

0.1200 

I 1------------------------------------------

State: OH 

------------------------EMISSION INFORMATION-------------------------

~--------:-----:----
Radio- : : 

i nuclidelClasslAmad 
I I 
I I 

:--------!-----:----
H-3 l * l 0.0 

I I 

--~--~~· •----Stack Height (m) 
Stack Diameter (m) 

Momentum ( m/s) 

Stack 
u 

( Cily) 

1.1E+02 

14.63 
1.22 
5.7 

--------------------------SITE INFORMATION---------------------------

Wind Data 
Food Source 
Distance to 

Individuals ( m) 

:------------------: 
DAY1502.WND 

LOCAL 
470 

--------: 

Temperature (C) 
Rainfall ( cm/y) 

Lid Height ( m) 

:---------------: 
20 

100 
1000 

*NOTE: The results of this computer model are dose estimates. 
They are only to be used for the purpose of determining 
compliance and reporting per 40 CFR 61.93 and 40 CFR 61.94. 
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7/18/90 9:57 AM 

ORGAN DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 

ORGAN 

GONADS 

BREAST 

RED MARROW 

LUNGS 

THYROID 

ENDOSTEUM 

REMAINDER 

EFFECTIVE 

DOSE EQUIVALENT RATE 
TO THE ORGAN 

( mrem/y) 

9.3E-02 

9.3E-02 

9.3E-02 

9.4E-02 

9.3E-02 

7.3E-02 

1.2E-01 

1 .OE-01 

MOUND PLANT 

A-14 



INGESTION 

INHALATION 

AIR IMMERSION 

GROUND SURFACE 

TOTAL: 

7/18/90 9:57 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 
BY PATHWAY FOR ALL RADIONUCLIDES 

EFFECTIVE 
DOSE EQUIVALENT 

( mrem/y) 

8.6E-02 

1.4E-02 

O.OE-01 

O.OE-01 

l.OE-01 

MOUND PLANT 

A-15 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

REMAINDER 
( mrem/y) 

l.OE-01 

1.4E-02 

O.OE-01 

O.OE-01 

1.2E-01 



RADIONUCLIDE 

H-3 

TOTAL 

7/18/90 9:57 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 
BY RADIONUCLIDE FOR ALL PATHWAYS 

EFFECTIVE 
DOSE EQUIVALENT 

( mrem/y) 

l.OE-01 

l.OE-01 

MOUND PLANT 

A-16 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

REMAINDER 
( mrem/y) 

1.2E-01 

1.2E-01 



DIRECTION 

7/18/90 9:57 AM 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF DISTANCE IN THE DIRECTIONS OF THE 

MAXIMALLY EXPOSED INDIVIDUAL FOR 
ALL RADIONUCLIDES AND ALL PATHWAYS 

NORTH-NORTHEAST 

DISTANCE 
(meters) 

470 
1000 
3000 

10000 
80000 

MOUND PLANT 

A-17 

EFFECTIVE DOSE 
EQUIVALENT 

( mrem/y) 

l.OE-01 
4 .lE-02 
8.8E-:-03 
1.9E-03 
1.8E-04 



DIRECTIONS: 

DISTANCE 
(METERS): 

470 

1000 

3000 

10000 

80000 

DISTANCE 
(METERS): 

470 

1000 

3000 

10000 

80000 

7/18/90 9:57 AM 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF ALL DISTANCES AND ALL DIRECTIONS FOR ALL 

RADIONUCLIDES AND ALL PATHWAYS 

N NNE NE ENE E ESE ------- ------- ------- ------- ------- -------

7.0E-02 l.OE-01 8.2E-02 S.OE-02 8.3E-02 7.3E-02 

3.2E-02 4.1E-02 3.4E-02 2.2E-02 3.7E-02 3.1E-02 

7.4E-03 8.8E-03 7.1E-03 4.9E-03 8.8E-03 6.9E-03 

1.6E-03 1.9E-03 1.7E-03 1.2E-03 2.2E-03 1.7E-03 

l.SE-04 1.8E-04 l.SE-04 1.2E-04 2.3E-04 1.8E-04 

s ssw sw WSW w WNW ------- ------- ------- ------- ------- -------

5.6E-02 3.9E-02 2.7E-02 1.9E-02 2.8E-02 2.4E-02 

2.3E-02 1.8E-02 l.lE-02 9.4E-03 1.6E-02 l.OE-02 

5.2E-03 4.2E-03 2.5E-03 2.4E-03 4.4E-03 2.2E-03 

1.6E-03 9.7E-04 4.7E-04 8.1E-04 l.OE-03 4.3E-04 

1.9E-04 l.OE-04 4.0E-05 l.OE-04 1 .lE-04 3.7E-05 

MOUND PLANT 

A-18 

SE SSE 
------- -------

4.5E-02 4.3E-02 

1.9E-02 1.7E-02 

4.4E-03 3.4E-03 

1.2E-03 7.4E-04 

1.3E-04 6.8E-05 

NW NNW 
------- -------

4 .lE-02 2.9E-02 

1.7E-02 1.4E-02 

3.6E-03 3.2E-03 

6.7E-04 7.3E-04 

5.3E-05 7.5E-05 



40 CFR Part 61 
National Emission Standards 
for Hazardous Air Pollutants 

CLEAN AIR ACT COMPLIANCE REPORT 
(Version 3.0 November 1989) 

Facility: MOUND PLANT 

Address: P, 0. BOX 3000 
MIAMISBURG , OH. 45343 

Annual Assessment for Year: 1990 
Date Submitted: 7/18/90 

Comments: GLASS MELTER TRIAL BURN PLAN ANALYSIS 

Prepared By: 

Name: 
Title: 
Phone II: ( ) 

Prepared for: 
U.S. Environmental Protection Agency 

Office of Radiation Programs 
Washington, D.C. 20460 
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CLEAN AIR ACT COMPLIANCE REPORT 7/18/90 10:00 AM 

PLANT cility: MOUND 
.;ddress: P, 0. 

Comments: GLASS 
Year: 1990 

BOX 3000 
MELlER TRIAL 

City: MIAMISBURG 
BURN PLAN ANALYSIS 

Effective 
Dose Equivalent 

Highest Organ 
Dose is to 

ENDOSTEUM 

Dose Equivalent Rates to Nearby 
________ Individuals (mrem/year) ______ ~ 

0.1000 

1.1 

State: OH 

------------------------EMISSION INFORMATION-------------------------

--------:-----:----:--------: 
Radio- : : : Stack : 
nuclidelClasslAmadl #1 l 

l l l ( Ci/y) l 
--------:-----:----:--------: 

PU-239 l Y l 1.0l 2.8E-04l 
4 I I I -------.,...-' ' ___ , ' 

Stack Height (m) 14.63l 
Stack Diameter (m) 1.22l 

Momentum (m/s) 5.7: 
I 

------' 
--------------------------SITE INFORMATION---------------------------

Wind Data 
Food Source 
Distance to 

Individuals (m) 

:------------------: 
DAY1502.WND 

LOCAL 
470 

Temperature (C) 
Rainfall (cm/y) 

Lid Height ( m) 

:---------------: 
20 

100 
1000 

*NOTE: The results of this computer model are dose estimates. 
They are only to be used for the purpose of determining 
compliance and reporting per 40 CFR 61.93 and 40 CFR 61.94. 
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7/18/90 10:00 AM 

ORGAN DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 

ORGAN 

GONADS 

BREAST 

RED MARROW 

LUNGS 

THYROID 

ENDOSTEUM 

REMAINDER 

EFFECTIVE 

DOSE EQUIVALENT RATE 
TO THE ORGAN 

( mrem/y) 

1.4E-02 

1.4E-03 

9.0E-02 

3.1E-01 

1 .4E-03 

1.1E+OO 

S.OE-02 

l.OE-01 

MOUND PLANT 

A-21 



INGESTION 

INHALATION 

AIR IMMERSION 

GROUND SURFACE 

TOTAL: 

7/18/90 10:00 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 
BY PATHWAY FOR ALL RADIONUCLIDES 

EFFECTIVE 
DOSE EQUIVALENT 

(mrem/y) 

1.1E-02 

9 .OE-02 

1.3E-11 

1. 9E-06 

1 .OE-01 

MOUND PLANT 

· A-22 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
( mrem/y) 

1.9E-01 

9.2E-01 

1 .3E-11 

7.SE-07 

1.1E+OO 



RADIONUCLIDE 

PU-239 

TOTAL 

7/18/90 10:00 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 
BY RADIONUCLIDE FOR ALL PATHWAYS 

EFFECTIVE 
DOSE EQUIVALENT 

( mrem/y) 

l.OE-01 

1 .OE-01 

MOUND PLANT 

A-23 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
( mrem/Y) 

1.1E+OO 

1.1E+OO 



7/18/90 1o:oo AM 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF DISTANCE IN THE DIRECTIONS OF THE 

MAXIMALLY EXPOSED INDIVIDUAL FOR 
ALL RADIONUCLIDES AND ALL PATHWAYS 

DIRECTION : NORTH-NORTHEAST 

DISTANCE 
(meters) 

470 
1000 
3000 

10000 
80000 

MOUND PLANT 

A-24 

EFFECTIVE DOSE 
EQUIVALENT 

( mrem/y) 

l.OE-01 
4 .lE-02 
8.7E-03 
1.8E-03 
7.3E-05 



DIRECTIONS: 

DISTANCE 
(METERS): 

470 

1000 

3000 

10000 

80000 

DISTANCE 
(METERS): 

470 

1000 

3000 

10000 

80000 

7/18/90 10:00 AM 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF All DISTANCES AND All DIRECTIONS FOR All 

RADIONUCLIDES AND All PATHWAYS 

N NNE NE ENE E ESE ------- ------- ------- ------- ------- -------

7 .lE-02 l.OE-01 8.3E-02 S.OE-02 8.4E-02 7.4E-02 

3.2E-02 4.1E-02 3.4E-02 2.2E-02 3.7E-02 3.1E-02 

7.3E-03 8.7E-03 7 .lE-03 4.8E-03 8.7E-03 6.8E-03 

1.4E-03 1.8E-03 1.5E-03 l.OE-03 1.9E-03 1.5E-03 

5.4E-05 7.3E-05 6.1E-05 3.9E-05 6.6E-05 5.5E-05 

s ssw sw WSW w WNW 
------- ------- ------- ------- ------- -------

5.7E-02 3.9E-02 2.7E-02 2.0E-02 2.9E-02 2.4E-02 

2.3E-02 l.SE-02 1 .lE-02 9.6E-03 1.6E-02 1 .OE-02 

5.2E-03 4.1E-03 2.5E-03 2.4E-03 4.3E-03 2.2E-03 

1.4E-03 8.6E-04 4.3E-04 6.9E-04 8.7E-04 3.9E-04 

4.5E-05 3.2E-05 l.SE-05 2.0E-05 3.0E-05 1.6E-05 

MOUND PLANT 
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SE SSE 
------- -------

4.5E-02 4.3E-02 

1. 9E-02 1. 7E-02 

4.4E-03 3.4E-03 

l.OE-03 6.8E-04 

3.5E-05 2.7E-05 

NW NNW 
------- -------

4 .lE-02 2.9E-02 

1.7E-02 1.4E-02 

3.5E-03 3 .lE-03 

6 .lE-04 6.5E-04 

2.6E-05 2.6E-05 



40 CFR Part 61 
National Emission Standards 
for Hazardous Air Pollutants 

CLEAN AIR ACT COMPLIANCE REPORT 
(Version 3.0 November 1989) 

Facility: MOUND PLANT 

Address: P, 0. BOX 3000 
MIAMISBURG , OH. 45343 

Annual Assessment for Year: 1990 
Date submitted: 7/18/90 

Comments: GLASS MELTER TRIAL BURN PLAN ANALYSIS 

Prepared By: 

Name: 
Title: 
Phone #: ( ) 

Prepared for: 
U.S. Environmental Protection Agency 

Office of Radiation Programs 
washington, D.c. 20460 
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CLEAN AIR ACT COMPLIANCE REPORT 7/18/90 10:03 AM 

PLANT - -::ility: MOUND 
.. ddress: P, 0. 

:::omments: GLASS 
Year: 1990 

BOX 3000 
MELTER TRIAL 

City: MIAMISBURG 
BURN PLAN ANALYSIS 

Dose Equivalent Rates to Nearby 
_________ Individuals (mrem/year) ______ ~ 

Effective \ \ :: 
Dose Equivalent:: 0.1000 :: 

Highest organ 
Dose is to 

ENDOSTEUM 

I I I I I 1------------------------------------------1 I I I I I I I I I 
:: 0.8800 :: 
I I I I I I I I 

State: OH 

------------------------EMISSION INFORMATION-------------------------

:--------:-----:----:--------: 
: Radio- \ : : Stack : 
1 nuclide;class\Amad: #1 \ 
: : : \ ( Ci /y) \ ·--------:-----:----:--------: 

TH-232 \ Y \ 1.0\ 2.9E-o4\ 
t I I I 

------...,---1 I ---1 I 
Stack Height (m) : 14.63: 

Stack Diameter (m) : 1.22: 
Momentum (m/s) \ 5.7\ 

I ·-----
--------------------------SITE INFORMATION---------------------------

Wind Data 
Food Source 
Distance to 

Individuals (m) 

DAY1502.WND 
LOCAL 

470 

Temperature (C) 
Rainfall (cm/y) 

Lid Height ( m) 

:---------------: 
20 

100 
1000 

*NOTE: The results of this computer model are dose estimates. 
They are only to be used for the purpose of determining 
compliance and reporting per 40 CFR 61.93 and 40 CFR 61.94. 
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7/18/90 10:03 AM 

ORGAN DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 

ORGAN 

GONADS 

BREAST 

RED MARROW 

LUNGS 

THYROID 

ENDOSTEUM 

REMAINDER 

EFFECTIVE 

DOSE EQUIVALENT RATE 
TO THE ORGAN 

( mrem/y) 

3.2E-04 

3.4E-04 

7.0E-02 

5.4E-Ol 

3.3E-04 

8.8E-01 

8 .lE-04 

1.0E-01 

MOUND PLANT 
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INGESTION 

INHALATION 

AIR IMMERSION 

GROUND SURFACE 

TOTAL: 

7/18/90 10:03 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 
BY PATHWAY FOR ALL RADIONUCLIDES 

EFFECTIVE 
DOSE EQUIVALENT 

( mrem/y) 

1.2E-03 

9.9E-02 

3.1E-11 

3.SE-06 

l.OE-01 

MOUND PLANT 

A-29 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
( mrem/y) 

3.0E-02 

8.5E-01 

3.6E-11 

l.SE-06 

8.8E-01 



RADIONUCLIDE 

TH-232 

TOTAL 

7/18/90 10:03 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 
BY RADIONUCLIDE FOR ALL PATHWAYS 

EFFECTIVE 
DOSE EQUIVALENT 

( mrem/y) 

l.OE-01 

l.OE-01 

MOUND PLANT 

A-30 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
( mrem/y) 

8.8E-01 

8.8E-01 



DIRECTION 

7/18/90 10:03 AM 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF DISTANCE IN THE DIRECTIONS OF THE 

MAXIMALLY EXPOSED INDIVIDUAL FOR 
ALL RADIONUCLIDES AND ALL PATHWAYS 

NORTH-NORTHEAST 

DISTANCE 
(meters) 

-'7------------
470 

1000 
3000 

10000 
80000 

MOUND PLANT 
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EFFECTIVE DOSE 
EQUIVALENT 

( mrem/y) 

l.OE-01 
4 .lE-02 
8.6E-03 
1 .7E-03 
6.7E-05 



DIRECTIONS: 

DISTANCE 
(METERS): 

470 

1000 

3000 

10000 

80000 

DISTANCE 
(METERS): 

470 

1000 

I••·. 

3000 

10000 

80000 

7/18/90 10:03 AM 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF ALL DISTANCES AND ALL DIRECTIONS FOR ALL 

RADIONUCLIDES AND ALL PATHWAYS 

N NNE NE ENE E ESE ------- ------- ------- ------- ------- -------

7 .1E-02 1 .OE-01 8.3E-02 5.0E-02 8.3E-02 7.4E-02 

3.2E-02 4 .lE-02 3.3£-02 2.2E-02 3.7E-02 3 .lE-02 

7.2E-03 8.6£-03 7.0E-03 4.8E-03 8.5£-03 6.7E-03 

1.4E-03 1.7£-03 l.SE-03 l.OE-03 1.9E-03 l.SE-03 

5.0E-05 6.7£-05 5.6£-05 3.6E-05 6 .1E-05 5 .lE-05 

s ssw sw WSW w WNW ------- ------- ------- ------- ------- -------

5.7E-02 3.9E"-02 2.7E-02 2.0E-02 2.9E-02 2.4E-02 

2.3E-02 1.8E-02 1.1E-02 9.4E-03 1.6E-02 1.0E-02 

5.0E-03 4.0E-03 2.4E-03 2.3E-03 4.3E-03 2.2E-03 

1.3E-03 8.3E-04 4 .lE-04 6.7E-04 8.5E-04 3.7E-04 

4.1E-05 3.0E-05 1.6E-05 1.9E-05 2.8E-05 1.5E-05 

MOUND PLANT 

A-32 

SE SSE 
------- -------

4.5E-02 4.3E-02 

1.9E-02 1.7£-02 

4.3E-03 3.4E-03 

l.OE-03 6.5E-04 

3.3£-05 2.4E-05 

NW NNW 
------- -------

4 .lE-02 2.9E-02 

1.7E-02 1.4E-02 

3.5E-03 3 .lE-03 

5.9E-04 6.3E-04 

2.4E-05 2.5E-05 



Ol69L 

Development Of Input For 
AIRDOS-PC Model 

Date: 18 July 1990 
Revision No.: Final 



Date: 18 July 1990 
Revision No.: Final 

A. Determine Percentage of Activity Contributed by 
Each Radionucl ide 

Radionuclide Activity in Feed Percentage Activitya 
(mCi/hr) ('\) 

Am-241 0.0089 0.0056 

Co-60 0.0089 0.0056 

Cs-137 0.0089 0.0056 

H-3 159 99.7323 

Pu-238 0.32 0.2007 

Pu-239 0.0089 0.0056 

Pu-240 0.0089 0.0056 

Pu-241 0.0089 0.0056 

Pu-242 0.0089 0.0056 

Th-228 0.0089 0.0056 

Th-230 0.0089 0.0056 

Th-232 0.0089 0.0056 

U-235 0.0089 0.0056 

U-238 0.0089 0.0056 

Total 159.4268 

a ) P e ·r c e n t age = ::Ro:ao:d"-i ':'o n,_u""c"-1"-lc-'. d"'e:'c-'A"'c'-'t:O:i':vC:i"t'-'y'-:-::-:-:-
Activity Total Activity (159.4268) 

X 100'1. 

B. Determine Percentage Total Activity at Emission Point 

Assume 100 millicuries feed 
1. Determine Activity for each radionuclide 

(i.e., Percentage Activity in Feed x 100 mCi) 
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'r ...., ..,. 

Date: 18 July 1990 
Nevision No.: Final 

Activity in 100 mCi Activity at Percentage Activif~> 
Radionuclide Feed (mCi) Emission Pt (mCi)(a)(b) At Emission Pt {t) 

Am-241 0.0056 0.000000056 0.0000004 

Co-60 0.0056 0.000000056 0.0000004 

Cs-137 0.0056 0.000000056 0.0000004 

H-3 99.7323 13.962522 99.9999808 

Pu-238 0.2007 0.000002007 0.0000143 

Pu-239 0.0056 0.000000056 0.0000004 

Pu-240 0.0056 0.000000056 0.0000004 

Pu-241 0.0056 0.000000056 0.0000004 

Pu-242 0.0056 0.000000056 0.0000004 

Th-228 0.0056 0.000000056 0.0000004 

Th-230 0.0056 0.000000056 0.0000004 

Th-232 0.0056 0.000000056 0.0000004 

U-235 0.0056 0.000000056 0.0000004 

U-238 0.0056 0.000000056 0.0000004 

Total 100.0000 13.96252468 100.0000000 

(a) Activity at 
fmisslon Pt = Activity in 100 mCi x lo-3 {Adjustment for physical state) x 
for non-tritium 0.01 {adjustment for HEPA filters) 
isotopes (mCi) 

(b) Activity at 
Emission Pt =Activity in 100 mCi x {1 - 0.86 (efficiency for capture in scrubber)) 
for tritium (mCi) 

(c) Percentage Activity= Activity at emission for each radionuclide/ 
at Emission Pt Total Activity (13.96252468 mCi) x 100% 

(1.) 
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Testing Conducted in 
January 1985 
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I. INTRODUCTION 

Emission testing was conducted at Monsanto Research Corporation
Mound Laboratory's pilot-scale glass melt furnace/incineration system 
from January 14-31, 1985. Sampling was conducted by personnel from 
the Environmental Sciences Center of Monsanto CR&D, St. Louis under 
the direction of Jay Doty of Mound Laboratory. The incineration system 
was operated by Larry Klingler and Kay Armstrong of the Waste Technology 
Group of Mound Laboratory. Sample analyses were performed by Pollution 
Control Science, Inc of Miamisburg, Ohio, Industrial Testing Labora
tories Inc. of St. Louis, the Environmental Sciences Center Ultratrace 
Group, and the Physical Sciences Center under the direction of James 
Peters. During one test day, "invited visitors from the Regional Air 
Pollution Control Agency (RAPCA) of Dayton, the Ohio EPA of Columbus, 
and EPA's Hazardous Waste Engineering Research Laboratory (HWERL) 
Thermal Destruction Branch in Cincinnati observed the operation and 
testing. 

The purpose of this test program was to demonstrate that this low
level radioactive waste incineration technology is applicable to hazard
ous waste disposal, including wastes currently being generated at one or 
more Monsanto locations. The demonstration test program was designed to 
simulate a RCRA incinerator trial burn; the RCRA incineration performance 
standards were monitored (ORE of POHCs, particulate and HCl emissions, 
and CO concentration in exhaust gas). The particular attribute of the 
glass furnace which enables it to successfully treat low-level radio
active wastes--the encapsulation and immobilization in glass of radio
active ash--make it an attractive technology for hazardous waste streams, 
especially problem solids and sludges, with high levels of heavy metals 
which concentrate in the ash (1). 

Such a development project falls within the Environmental Sciences 
Center's charter as a supplier of innovative technology to Monsanto, 
and introduces formal technology exchange between government-sponsored 
Mound Laboratory research programs and Monsanto operating companies. 

II. SUMMARY OF EMISSION TESTING RESULTS 

A. Waste Compositions 

The program purpose was challenged by burning different types of 
organic waste streams: a chlorinated liquid "cocktail" waste, a mock 
corporate waste, and a hazardous sludge with metals. 

Table 1 describes the generalized waste types and descriptions which 
were incinerated in the glass furnace test program, as taken from the 
program sampling plan (2). Waste B, consisting of Waste C blended with 
the Mound WWTP sludge, was planned for the program but eliminated due to 
time and cost constraints. 
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TABLE I. DESCRIPTION OF WASTE TYPES TESTED IN MOUND LAB GLASS MELT 
FURNACE INCINERATION DEMONSTRATION PROGRAM 

Waste Designation 

Waste A 

Waste B 

Waste C 

Waste D 

Description 

Mound Lab wastewater treatment plant sludge 
spiked with cadmium, acrylonitrile (AN), carbon 
tetrachloride (CC14), chlorobenzene (ClBz), and 
phenol 

NOT TESTED 

Synthetic Texas City AN-5 acetonitrile (ACN) 
waste containing AN 

"Cocktail" waste consisting of kerosene spiked 
with CC14, ClBz, phenol, and scintillation 
fluid (11.1% xylene) 

Table 2 lists the particulate test runs with the corresponding waste 
types and VOST test runs for ORE determinations. Each waste type was 
"blended" with known amounts of constituents and chosen POHCs. Grab 
samples of Mound Tab WWfP sludge were ana ljzed and compared to previous 
analyses of the sludge, as shown in Table 3. The poor recoveries of CC14 
are attributed to the unrepresentative sampling of the sludge, possible 
uneven mixing of spiked compounds;-and-ana-lysi-s matrix interferences 
effects. The analyses for phenol and ClBz, however, did compare well to 
spiked concentrations in the sludge. 
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TABLE 2. SUMMARY OF WASTE FEED COMPOSITIONS, FEED RATES, AND TEST 
RUN SCHEDULE FOR THE MOUND LAB GLASS MELT FURNACE 
INCINERATION DEMONSTRATION TEST 

EPA Method 5 Test Run Number 
Parameter 1 2 3 4 5 6 7 8 9 

Waste Type: c c c D D D A A A 

Date: 1/22 1/23 1/23 1/24 1/29 1/29 1/30 1/31 1/31 

Feed Rate, lb/hr: 43.2 51.4 26.8 31.9 30.5 47.3 134 89 56 

Composition: 
AN 3% 5% 5% 1.4% 2.8% 2.8% 
ACN 77% 75% 75% 
H20(a) 21% 20% 20% 10% 1.0% 1.0% 
CC14 2.0% 2.9% 2.9% 1.5% 3.0% 3.0% 
ClBz 2.2% 3.6% 3.6% 1.0% 2.1% 2.1% 
Phenol 2.3% 2.7% 2.7% 1.2% 2.4% 2.4% 

ppm Xylene 2664 3885 3885 
Sludge 85% 89% 89% 
Kerosene -- 91% 88% 88% 

VOST Run #'s: 2-3 4-5 6 7-10 12 13-14 15-17 18-19 20 

(a) Does not include H20 content of sludge. 

I 
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TABLE 3. SUMMARY OF MOUND WWTP SLUDGE COMPOSITION, MEASURED AND 
HISTORICAL, FOR MOUND LAB GLASS MELT FURNACE INCINERATION 
PROGRAM 

Parameter 

Total Solids 
Total Volatile Soli~s 
H20 Content 
BTU Content 
Total Chlorine 
Tota 1 ·Bromine 
Total Fluoride 
Total Iodide 

CC14 
ClBz 
Phenol 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmi um(a) 
Calcium 
Chromium 
C_Qp_p_er 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Phosphorus 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Tin 
Titanium 
Zinc 

Sludge Run #7 

50.43% 
1217 Btu/lb 
0.57% 
120 ppm 
<30 ppm 
< 5 ppm 

<10 ppm 
0.73% 

' 0. 73% 

1.8 ppm 
0.2 ppm 
328 ppm 
0.7% 
50 ppm 

- 4_9f_p_pJTI -
0.5% 

1.4% 
<126 ppm 

<104 ppm 
<0.3% 

751 ppm 

23 ppm 
49 ppm 

<206 ppm 
30 ppm 

363 ppm 
432 ppm 

Sludge Run #8 Historical Range 

46.0% 
1111 Btu/lb 
0.63% 
122 ppm 
<30 ppm 
< 5 ppm 

<10 ppm 
0.48% 
2.42% 

0.3% 

12.6-27.6% 
31.1-56.9 of TS 

<31 ppm 
0.8-2.6 ppm 

3.4 ppm 
0.2 ppm <3.0 ppm 
631 ppm 13-18 ppm 
0.5% 

32 ppm 116-162 ppm 
38]JlJlm ___ J6J!l_-343? PPm 
0.4% 

1.2% 
<94 ppm 

64 ppm 
<0.2% 
713 ppm 

19 ppm 
18 ppm 

138 ppm 
30 ppm 

219 ppm 
217 ppm 

15-394 ppm 

5.1-22.2 ppm 
146-309 ppm 

<0.6 ppm 

12.5-349 ppm 

1298-3204 ppm 

(a) Cadmi urn oxide was spiked into sludge test run samp 1 es #7 and #8. 
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B. Destruction and Removal Efficiency (ORE) of Principal Organic 

Hazardous Constituents (POHCs) 

Federal regulations (40CFR264.343) under the Resource Conservation 
and Recovery Act (RCRA) state that an incinerator burning hazardous 
waste must be designed, constructed, and maintained so that it will meet 
several performance standards. The most important of these is that the 
incinerator achieve a ORE of 99.99% for each POHC, where the ORE is 
determined from the following equation: 

ORE = (Win - Wout) 
Win 

X 100% 

where Win = Mass feed rate of one POHC in the waste stream feeding the 
incinerator, and 

Mout = Mass emission rate of the same POHC present in exhaust 
emissions prior to release to the atmosphere. 

A complete summary of the DRE results for the entire testing pro
gram is presented in Table 4. The ORE results shown with a ">" sign 
indicate that the POHC concentration was below detection (<10 ng in a 
10-30 L gas sample) in the scrubber outlet stack gas. Where results are 
presented without a ">" sign, some trace concentration of the POHC was 
measured in the stack gas, typically 0.4-30 ug/m3. Most measurable 
stack gas POHC emission rates were less than one-millionth of the POHC 
feed rate to the glass melt incinerator, well below the RCRA performance 
standard of 99.99% DRE or one-ten-thousandth of the POHC feed rate. 
Most (93%) of the OREs were five "nines" (99.999) or greater; a graphical 
display of the distribution of OREs is given in Figure 1. Only one ORE 
of fifty-four was less than 99.99%, and that instance was attributable 
to formation of Products of Incomplete Combustion (PICs) from burning 
kerosene. Another test run under identical feed conditions showed 
>99.999% ORE for that POHC (xylene). 

The total uncertainty or error in the ORE values is somewhat diffi
cult to calculate. In practice, the W-values (Win and Wout) are deter
mined based on: 

W = (flow rate)(sampling time)(POHC concentration) 

The ORE equation can be rearranged as follows: 

ORE = 1 - Wout 
Win 

and, if sampling times are equal, as follows: 

ORE = 1 -
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FIGURE 1. DISTRIBUTION OF DFREs FOR ALL POHCs, MOUND LAB 
GLASS MELT FURNACE INCINERATOR PROGRAM 

Observations 

40.-----------------~-------------------, 
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Stack flow has a total error (bias and precision) of about ±6% of the 
mean, stack concentration has an error of about ±45%,-feed flow is 
estimated to have an error of ±10%, and feed concentration is also 
estimated to have an error of ±10% due to POHC stratification. The total 
error of the whole Wout/Win quotient of the DRE equation would then be 
about :!:48%. Only when a calculated DRE result is very close to another 
order-of-magni-tude -in -number of nines would this total error have much 
effect in results interpretation. 

TABLE 4. SUMMARY OF DRE RESULTS FOR ALL WASTE TYPES BURNED IN THE 
MOUND LAB GLASS MELT FURNACE INCINERATION DEMONSTRATION 
PROGRAM 

VOST Destruction and Removal Efficiency, % 
Run Waste 
No. Type ACN AN CC14 ClBz Phenol Xylenes 

2 c 99.99995 99.999B8 

3 c 99.99999 >99.99994 

4 c 99.99999 >99.99997 

5 c 99.99999 >99.99998 

6 c 99.99998 >99.99995 

7 D >99.99986 >99. 99987 99.99987 99.99841 

8 D >99.99988 >99.99989 >99.99989 99.99843 

9 D >99.99992 >99.99993 >99.99993 99.99906 

10 D >99.99983 >99.99984 >99.99985 99.99764 

12 D . >99.99990 >99.99992 >99.99990 99.99929 

13 D >99.99992 99.99989 >99.99992 99.97484 

14 D >99.99993 >99.99994 >99.99992 >99.99954 

15 A >99.99998 >99.99998 99.99972 99.99978 --(a) 

16 A >99.99999 >99.99999 99.99990 99.99998 --(a) 

17 A >99.99998 99.99998 99.99993 >99.99998 --(a) 

18 A >99.99998 >99.99998 99.99993 >99.99998 --(a) 

19 A >99.99999 >99.99999 99.99976 >99.99999 --(a) 

20 A 99.99994 >99.99998 99.99966 >99.99997 -- (a) 

(a) No xylenes fed to the incinerator, but xylenes were detected in the 
stack gas as Products of Incomplete Combustion (PICs) from burning 
sludge in Waste Type A. 
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A summary of all individual POHC feed rates (Win) and emission rates 
(Wou t) are presented in Tab 1 es 5 and 6, respectively. Most POHCs were 
generally below the sampling and analytical detection limit in the stack 
gas. Acrylonitrile was detected in the stack gas in only two of eleven 
test runs; carbon tetrachloride in only one of thirteen; chlorobenzene 
in seven of thirteen; and phenol in three of thirteen. Acetonitrile 
was measured in the stack gas in all five of its test runs, but comprised 
75% of the feed. Xylenes, which comprised 11.1% of the scintillation 
fluid spiked in the waste, were detected in ·an five possible test runs. 
Xylene, however, is a probable PIC from burning kerosene, into which the 
scintillation fluid was spiked. 

Xylene also appeared as a PIC during the sludge tests (Waste A), with 
emission rates higher than the sum of all four other POHCs, as highlight
ed in Table 6. Xylene concentrations in the incinerator stack gas were 
in the same order of magnitude as that found in an industrial coal-fired 
boiler (3). 

TABLE 5. SUMMARY OF INDIVIDUAL POHC FEED RATES (Win) TO THE GLASS 
MELT FURNACE 

VOST POHC Feed Rate, g/hr Run Waste 
Nos. Type ACN AN CC14 ClBz Phenol Xylenes 

2-3 c 251.46 9.80 

4-5 c 291.42 19.43 

6 c 151.95 10.13 

7-10 D 289.4 318.3 332.8 38.5 

12 D 401.2 498.0 373.5 53.7 

13-14 D 622.2 772.3 579.3 83.3 

15-17 A 850.9 911.7 607.8 729.3 

18-19 A 1130.3 1211.0 847.7 968.8 

20 A 711.2 762.0 533.4 609.6 

Note: Blanks indicate no POHC in the waste feed. 
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TABLE 6. SUMMARY OF INDIVIDUAL POHC EMISSION RATES (Wout) FROM THE 
GLASS MELT FURNACE-SCRUBBER CONTROL SYSTEM 

VOST POHC Emission Rate, ug/hr(g X E-6) Run Waste 
Nos. Type AGN AN CC14 ClBz · - - Pheno 1 Xylenes 

2 c 6450 667.2 

3 c 1065 <304.2 

4 c 1219 243.6 

5 c 1505 <223.8 

6 c 1328 <295.2 

7 D <409.5 <409.5 449.9 613.2 

8 D <356.3 <356.3 <356.3 605.2 

9 D <239.3 <239.3 <239.3 360.0 

10 D <505.2 <505.2 <505.2 908.8 

12 D <383.9 <383.9 <383.9 <383.9 

13 D <494.7 <840.6 < 494.7 20,957.7 

14 D <449.1 <449.1 <449.1 <449.1 

15 A < 196.1 < 196.1 1679 1620 800.3* 

16 A <84.8 <84.8 603.1 100.7 167.5* 

17 A <152.4 198.2 442.0 <152.4 5014* 

18 A <182.9 <182.9 565.2 <182.9 5233* 

19 A <127.2 <127.2 2056 <127.2 5550* 

20 A 426.4 <164.0 1787 <164.0 3640* 

* POHC was not fed to incinerator; emission rate shown is for PICs. 
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C. Particulate Emissions and Scrubber Control Efficiency 

The RCRA performance standard for particulate emissions from 
incinerators is 180 mg/m3 (0.08 gr/dscf) when corrected for the amount of 
oxygen in the stack gas according to the formula: 

P(corr) = P(meas) x 14/(21-Y) 

where P is the particulate concentration and Y is the measured concentra
tion of oxygen in the stack gas using EPA Method 3. This correction 
procedure is to be used on all hazardous. waste incinerators except those 
operating under conditions of oxygen enrichment. The introduction of 
bleed air to the exhaust blower creates a condition of oxygen enrichment, 
and some other appropriate correction formula must be used to compare 
particulate concentration against the RCRA standard. The only problem 
area for the glass melt furnace particulate emissions occurs during the 
burning of sludge. The particulate concentrations at the scrubber inlet 
are all close to the RCRA standard when burning liquid wastes tested in 
the program. 

The scrubber's ability of control particulate emissions improved as 
the inlet particulate concentration increased, as shown in Figure 2. 
The first two waste types were relatively "clean" wastes compared to 
burning solids in production of particulate emissions, and the scrubber 
was nor designed to operate on the fine particulate in that concentra
tion range. 

TABLE 7. SUMMARY OF PARTICULATE CONTROL EFFICIENCIES AS DETERMINED 
USING-EPA METHOD 5, MOUND tAB WET SCRUBBER SYSTEM 

Mass Basis, lb/hr Concentration Basis, mg/m3 
Run 
No. Date Waste Type Inlet Outlet Eff,% Inlet Outlet* Eff,% 

1 1/22 Synth.AN-5 0.0524 0.0280 46.6 51.6 20.3 60.7 
2 1/23 Synth.AN-5 0.0931 0.0416 55.3 113.4 35.6 68.6 

3 1/24 Kero-cocktl 0.154 0.0676 56.1 151.4 54.9 63.4 
4 1/24 Kero-cocktl 0.166 0.0698 58.0 159.7 59.4 62.8 
5 1/29 Kero-cocktl 0.193 0.0756 60.8 156.8 52.7 66.4 
6 1/29 Kero-cocktl 0.2475 0.0820 66.9 197.0 52.9 73.1 

7 1/30 Sludge spkd 0.358 0.0766 78.6 1970.2 130.9 93.4 
8 1/30 Sludge spkd 0.1295 0.0612 52.7 602.3 104.6 82.6 
9 1/31 Sludge spkd 0.552 0.0844 84.7 2115.9 115.5 94.5 

* Particulate concentrations are uncorrected for 02 in stack gas; see 
40CFR264.343(c) for correction. RCRA performance standard is 
180 mg/m3 when corrected. 
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D. HCl Emissions and Scrubber Control Efficiency 

A summary of the scrubber inlet and outlet gas stream testing for 
HCl emissions and control efficiency is presented in Table 8. At least 
99.5% HCl control efficiency was achieved in all cases where organic 
chlorine compounds were present in the waste feed. 

TABLE 8. SUMMARY OF HCl CONTROL EFFICIENCIES, MOUND LAB WET SCRUBBER 
SYSTEM 

Run 
No. Date Waste Type 

1 1/22 
2 1/23 

3 1/24 
4 1/24 
5 1/29 
6 1/29 

7 1/30 
8 . 1/30 
9 1/31 

Synthetic AN-5 
Synthetic AN-5 

Kerosene Cocktail 
Kerosene Cocktail 
Kerosene Cocktail 
Kerosene Cocktail 

Sludge Spiked 
Sludge Spiked 
Sludge Spiked 

HCl Emissions, lb/hr 
Inlet Outlet* 

<0. 0006 
0.0015 

0.737 
2.101 
1.000 
1.289 

0.892 
0;394 
1.938 

0.0045 
<0.0014 

<0.0013 
0.0014 

<0.00084 
<0.0018 

0.0022 
o~ooi8 
0.0095 

Efficiency,%* 

** 
** 

>99.8 
99.9 

>99.9 
>99.9 

99.8 
99.5 
99.5 

-·· 
* RCRA performance standard for hazardous waste incinerators is less 

than 4 lb/hr or 99% control. 
** Virtually no chlorine in waste feed, so HCl removal efficiency 

results were meaningless. 

E. Fate of Metals in the Glass Melt Furnace Incineration/Off-Gas 
System 

Cadmium oxide (CdO} was spiked into the Waste A sludge feed at a 
concentration of 0.2%, or 2000 ppm, so that the fate of heavy metals 
in the incineration system could be studied. These test runs include 
particulate test runs 7 through 9. Cadmium in the sludge was analyzed 
and found to be 328 ppm in sludge from test run 7 and 631 ppm in sludge 
from test runs 8 and 9. 

In theory, the inorganic constituents which do not vaporize in the 
combustion zone of the furnace should convectively sink in the glass 
pool and react with a relatively small amount of glass formers to create 
a glass matrix. Molten glass from the furnace melter can be batch or 
continuously drained into a receiving canister, cooled to ambient, and 
disposed in a landfill. Presumably the glass matrix would be resistent 
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to leaching, could pass the proposed EPA Toxicity Characteristic Leach
ing Procedure (TCLP), and could be disposed safely in a sanitary rather 
than hazardous waste landfill. Moreover, entrained particulates and 
more volatile inorganic constituents removed by the offgas system (as a 
scrubber sludge or ESP/baghouse ash) could be recycled to the glass 
melter at a lowered operating temperature to eliminate/encapsulate 
secondary waste streams (4). Prior testing at the Mound Laboratory on 
low-level radioactive waste streams had demonstrated excellent retention 
of nonvolatile and semivolatile radioactive metallic elements (5). Mass 
balance experiments had shown furnace ash retentions of 75% for pluton
ium-238, 40-80% for cesium-137, and 70-88% for cobalt-60. 

The addition of CdO to the spiked sludge (Waste A) and subsequent 
analyses of the movement of cadmium did not fare as well. Table 9 
presents the results of cadmium fate in the incinerator-disposal 
system. Based on the difference between the feed rate and scrubber 
inlet emission rate (furnace outlet rate), the Cd retention for runs 7, 
8, and 9 were 62%, 39%, and 42% respectively; these retentions are 
slightly lower than those observed with radioactive elements, but similar 
enough. The total amount of Cd which should have remained in the glass 
melt was: 

0.875 g Cd 332 g Cd lb 
380 g CdO X ---- = x --- = 366 ppm Cd 

g CdO 2000 lb glass 454 g in glass 

Analysis of the glass after completion of run 9 showed no detectable Cd 
at a detection limit of 0.01% or 100 ppm. It is possible that the Cd 
was unevenly distributed in the glass because of very slow convective 
mixing, and that the analysis missed the Cd in the glass due to nonrep
resentative sampling, Also, the extraction/digestion procedure may 
have insufficiently extracted the Cd from the glass matrix. 

Cadmium analysis of the scrubber water proved fruitless in defining 
the Cd material balance. The scrubber water contained only 0.28-0.36 
ppm Cd, or about 50 mg/hr increase, far short of the 20-30 g/hr shown to 
be removed based on the inlet/outlet stack gas sampling. Unde.r alkaline 
conditions, however, the CdO removed by the scrubber should precipitate 
from the scrubber water and be continuously removed by the scrubber 
liquid filter. The scrubber filter sludge was unfortunately not analyzed 
for Cd content, and would be expected to contain the 20-30 g Cd/hr. 

Cadmium emission control efficiencies were 98%, 68%, and 72% for 
test runs 7, 8, and 9, respectively. These control efficiencies are 
slightly less than the 83-95% particulate control efficiencies, as 
anticipated, due to CdO formation in the furnace offgas as a fine part
iculate which would be harder to scrub at high efficiency. 
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TABLE 9. SUMMARY OF CADMIUM FATE IN THE MOUND LAB GLASS MELT FURNACE 
INCINERATION SYSTEM 

Run Cd Feed Exit Furnace Scrubber Outlet Scrubber Liq Glass 
No. Rate, g/hr Rate, g/hr Rate, g/hr Cone, mg/L Cone, ppm 

7 83.3 31.3 0.655 0.360 

8 47.3 28.8 9.18 

9 47.3 27.2 7. 76 0.279 <100 

F. Carbon Monoxide (CO) Emissions 

CO concentration of the glass melt furnace offgas was measured in the 
scrubber inlet duct, just downstream of the inlet particulate sampling 
port. In general, CO concentrations remained very low and steady, indic
ative of stable furnace operation. The highest CO concentrations of the 
program were during the sludge burning, when a four-minute CO spike of 
about 260 ppm occurred. The entire compilation of two-minute readings 
is given in Appendix C - Operating Data Printouts. 

TABLE 10. SUMMARY OF CARBON MONOXIDE EMISSIONS DURING WASTE BURNS 
- - ---~-- --~------- -·----------- ··--- --~- ------- - ------- ----- ---- --------

EPA 5 VOST CO Concentration in Off gas, ppm 
Day Runs Runs Average Std Dev1at1on Range 

1 1 2-3 1.4 8.7 0 - 89.5 

2 2-3 4-6 3.7* 9.6 0 - 99.1 

3 4 7-10 3.9* 3.0 0 - 14.2 

4 5-6 12-14 13.7* 23.7 0 - 94.0 

5 7 15-17 16.8 8.6 2.9 - 24.4 

6 8-9 18-20 10.2 26.1 0 - 259.7 

* Zero baseline drift noted for CO analyzer. 
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G. PAH Emissions from Sludge Burning· 

During the program design phase, concern was voiced by CEO that the 
sludge burns may produce high concentrations of polynuclear aromatic 
hydrocarbons (PAH) in the offgas. It was believed that wet sludge 
introduction to the furnace may significantly lower that combustion 

.efficiency and form PAH in elevated quantities as P!Cs. To answer this· 
concern, sampling for PAH was conducted at the scrubber inlet location 
during particulate test run 8. 

(DATA TO SUPPLIED WHEN ANALYSIS IS COMPLETED) 

H. Nitrogen Oxide Emissions 

Nitrogen oxide (NOx) emissions were measured during burning of 
WasteD (kerosene cocktail) and Waste A (spiked sludge) at the scrubber 
outlet location. Table 11 presents the emission results. Dilution air 
was added to the scrubber outlet gas stream to allow the exhaust blower 
blower to operate in an efficient regime. Based on the difference 
between inlet and outlet gas flows, it is estimated that the concentra
tion results far NOx runs lA-10 would be 1.24 times higher without 
dilution air, and that NOx runs 2 and 3 would be 2.76 times higher; no 
change would result for NOx lb/hr emission rate. 

TABLE 11. SUMMARY OF NOx EMISSION TEST RESULTS 

NOx Emissions 
Date Run No. Waste Feed ppm .lb/hr 

1/29 1A Kerosene Cocktail 38 0.108 
18 6.5 0.018 
lC 9 0.026 
10 12 0.034 

AVG 16.4 0.047 
cv ±89% ±89% 

1/30 2A Sludge 69 0.077 
28 51 0.057 
2C 61 0.068 
20 64 0.072 

AVG 61.3 0.069 
cv ±12% ±12~~ 

1/31 3A Sludge 35 0.049 
38 32 0.045 
3C 37 0.052 
30 17 0.024 

AVG 30.3 0.043 
cv ±30% ±30% 
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Ill. FACILITY DESCRIPTION AND OPERATION 

The commercially available (thro¥~h Pernberthy Electromelt Inter
national, Inc. as the PYRO-CONVERTER ) joule-heated glass furnace, shown 
in Figure 3, has successfully incinerated and treated low-level radio
active wastes in DOE-sponsored research programs. Although the manu
facturer claims that the furnace can treat hazardous wastes,. no actua.l 
testing of the unit has ever been reported. · 

Heat for the combustion process is provided by a pool of molten 
soda-lime glass. The fact that the temperature of the glass is 
controlled electrically accounts for some important processing advan
tages. First, the temperature of the glass can be easily and precisely 
controlled at a remote location; ensuring_a comfortable and physiolog
ically safe working environment for operating personnel. Second, the 
glass acts as a heat sink, creating an incineration chamber of uniform 
temperature throughout. This guarantees that the waste stream is exposed 
to optimum or desired combustion temperature constantly during its 
residence in the furnace. As a result, even organics of high.persistence 
or difficult "incinerability" are likely to be destroyed. 

An additional advantage of this system·over conventional incinerators 
is that the molten glass pool provides enough heat to sustain the high 
temperature of the chamber without any reliance on the Btu content of 
waste streams. Consequently, wastes high in water content can be 
processed without. predrying .. or I:JJending steps. Any water entering the 
system is readily evaporated while any contained organic waste compounds 
are thermally destroyed. 

A major c·olrcern-·o·f·a 11 ra<ftoacti ve was·te ai·sp1ls·aT-systems- ts--to 
provide packaging for the final waste form in such a way that no contam
ination will occur to the environment. For ash from incineration 
processes, this usually means solidification prior to final packaging to 
prevent dispersion or leaching. Most often, incinerator bottom ash is 
a volume-reduced hazardous waste which is disposed in a secure hazard
ous waste landfill. With the glass furnace treatment of hazardous 
wastes, solidification of the resulting combustion ash occurs in the same 
chamber as incineration. This is accomplished by allowing the ash to 
fall into the pool of molten glass, convectively sink, and subsequently 
encapsulate any associated radioactive species or inorganic toxic 
substances in what has been shown to be an ess·entially inert and leach 
resistant final waste form. This capability eliminates ash handling 
steps normally identified with conventional incineration processes, 
thereby reducing the chances of personnel exposure to harmful substances. 

The furnace offgases are directed to a wet scrubber system shown in 
Figure 4. The hot offgas is cooled to 130°F in a spray chamber with a 
dilute alkaline solution (1% NaOH, KOH, or Na2C03) that neutralizes most 
of the acid gases and removes about half of the particulate matter. The 
cooled offgas is further scrubbed in a high energy venturi scrubber 
followed by a cyclone separator and mist eliminator that remove the acid 
gases to greater than 99% and the particulate matter to up to 96%. The 
alkaline scrub liquor from the spray tank and venturi flows to a recycle 
tank and is pumped through a filter and heat exchanger back to the spray 
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tank and venturi. The pH is maintained above 8.3 to prevent corrosion 
in the scrubbing system. Typical operating scrubber flow is about 25-30 
gpm to the venturi and spray chamber nozzles, and the scrubber system 
holds about 285 gallons. Design delta P is 43 in. H20. 

After the wet scrubbing system, the offgas passes through a primary 
HEPA filter before it is pulled through the blowers and exhausted 
through the building HEPA filtering system. These HEPA filters were 
removed and/or bypassed for the hazardous waste burn project. 

Furnace and offgas operating parameters were monitored continuously 
and reported every two minutes by the instrumentation system. These 
operating parameters included electrical power to each electrode (kW); 
furnace chamber or combustion zone temperatures (inlet and outlet); 
offgas temperatures; scrubber deluge, mist eliminator and exhaust temp
eratures and pressure; scrubber pH; various gas flow delta P's; and 
scrubber inlet concentrations of C02 and CO. Table 12 summarizes the 
ranges of each operating parameters during each test day and the corre
sponding organic and particulate sampling test run numbers. 

Combustion zone temperature was monitored at two locations--chamber 
temperature 1 was under the solids feeder at the front of the furnace 
and chamber temperature 2 was at the offgas end of the furnace near the 
furnace wall. During the sludge burns it can be seen that T1 < T2 
because of evaporative cooling (H20 driven off) at that end of the 
furnace. For the other two liquid wastes, which had high Btu content, 
Tl > T2 because of the rapid combustion upon feeding. 

TABLE 12. SUMMARY OF GLASS MELT FURNACE AND OFFGAS SYSTEM OPERATING 
PARAMETERS DURING EMISSION TESTING 

Parameter Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

Date (1985) 1/22 1/23 1/24 1/29 1/30 1/31 
Partie & HCl Runs 1 2-3 4 5-6 7-8 9 
VOST Runs 2-3 4-6 7-10 12-14 15-17 18-20 

GMF Chmbr T1, °F 2313-2547 1742-2771 1698-2686 1686-2768 1677-2107 1651-2098 
GMF Chmbr T2, °F 1759-1921 1877-2306 1772-2054 1714-1942 1930-2341 1844-2357 

Offgas Temp, °F 1304-1470 1330-1574 1277-1517 1228-1507 1212-1331 1004-1255 

Exh Gas Temp, OF 120-190 143-189 137-194 142-193 86-110 92-110 

Electrode AB, k<J 25.2-26.2 22.5-25.2 23.0-24.7 24.8-26.7 25.8-28.1 25.0-27.8 . 
Electrode BC, kW 26.4-27.2 23.8-27.0 25.5-26.4 25.9-27.9 25.1-28.0 24.9-28.0 
Electrode CD, kW 26.4-27.2 23.3-26.0 24.2-25.7 24.5-28.1 22.8-25.0 22.8-24.9 
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IV. SAMPLING .AND ANALYTICAL PROCEDURES 

The sampling and analytical program was designed to determine the ORE 
of the POHCs in the wastes, quantify the major pollutants from burning 
wastes in the glass melt furnace, and provide mass balance information 
on the fate of metals in the wastes. A sampling and analytical plan for 
the program (ESC Report No. ESC-EAG-P-84-21, October 1g84) was prepared 
and distributed before testing began. 

The scrubber inlet sampling location, shown in Figure 5, had a single 
3-inch port with packing gland installed in a 5.75-inch I.D. duct. The 
sample port was 17.7 diameters from the nearest upstream disturbance 
(incinerator connection) and 6.6 diameters from the nearest downstream 
disturbance (expansion joint), well within the criteria of EPA Method 1 
for suitable sampling location. Gas velocity was monitored single point 
at a location 18.1 diameters downstream of the expansion joint and 7.3 
diameters downstream of a thermocouple port for gas temperature. 

The scrubber outlet sampling locations, shown in Figures 6 and 7, 
were numerous. Gas temperature was monitored at the horizontal duct 
location off the mist eliminator after the duct insulation terminated. 
A permanent "annubar" flow sensor with water manometer was installed 
downstream of the sampling ports. The annubar is a piccolo-type tube 
which is a velocity averaging device. Upstream from the annubar two 
ports goo apart were used to conduct p-type pitot tube traverses in 
accordance with the procedures outlined in EPA Method 2C--Determination 
ofStackGasVelocity and Volumetric FlowRatefrom Small Stacks or 
Ducts (Standard Pitot Tube). Further upstream, in the vertical part 
of the duct at the blower outlet, velocity was also monitored single 
point near the particulate sampling location for isokinetic purposes, as 
shown in· figure 7~; ~ Duct -stati-c ·pressure-wa-s-monitored --G-;·2 ·diameters 
beyond that. The annubar flow monitor was calibrated against a p-type 
pitot tube (coefficient o,gg) and velocity traverse for dry standard 
cubic feet per minute (dscfm) flow rate for future Mound Lab projects, 
and these calibration curves are presented in Figures ~ and g, 

Stack gas dry molecular weight was determined during each test run 
using the Fyrite option of EPA Method 3 to measure percentages of 02 and 
C02. Stack gas moisture was determined either gravimetrically using the 
condensation procedure or calculated using saturation vapor pressure 
tables according to EPA Method 4. 

The POHCs in the scrubber outlet gas were sampled using a Volatile 
Organic Sampling Train (VOST), shown in Figure 10, and modifications to 
the VOST protocol outlined in Section 1.2.1.13 of EPA-SW-846 for deter
mination of emissions of volatile organic compounds from hazardous waste 
incinerators. The modifications include replacing the charcoal portion 
of the backup sorbent trap with a trap containing only Tenax as in the 
front trap, and using the sorbent cleanup procedure shown in Figure 11. 
Rather than check the "cleanliness" of each newly-prepared trap with an 
FID (which has insufficient sensitivity to detect blank contamination), 
selected traps are analyzed immediately after preparation using the 
analytical protocol for the POHCs of interest to determine "fresh" 
lab blank contamination. 
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FlGURE 8. CAUBRAllON OF MOUND GLASS MELT 
FURNACE SCRUBBER OUTLET FLOW ANNUBAR 
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FlGURE 9. CAUBRAllON OF MOUND GLASS MELT 
FURNACE OUTLET ANNUBAR FOR 

VOLUMETRIC FLOW RATE 
ANNUBAR DELTA P 
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Figure 11. VOST trap cleanup and preparation procedure of Monsanto ESC. 



VOST trap analysis followed the protocol outlined in EPA Method 3720 
of EPA-SW-846 with one exception: the thermal desorption of the sample 
into a purge-and-trap apparatus was relaced by thermal desorption 
directly to a cryogenically-cooled GC column. The volatile POHCs are 
separated by temperature-programmed gas chromatography and detected by 
low resolution mass spectrometry. The concentrations of POHCs are calc
ulated using the response factor internal standard technique. The 
ESC analysis procedure is Method MSAN09, descibed more fully in Appen
dix-B. 

Particulate emissions at the scrubber inlet and outlet locations 
were determined using a modification of EPA Method 5C--Determination of 
Particulate Emissions From Stationary Sources with Small Stacks or Ducts. 
Rather than traversing the duct during sample collection, single point 
sampling in the center of the duct was done; because of the packing 
gland at the scrubber inlet, traversing was virtually impossible. A 
water-cooled probe was used at the scrubber inlet location (1130-1470°F). 
Stainless-steel probe rinsing for the inlet and outlet particulate 
recovery was accomplished using an innovative Duncan drill brush 
procedure. The particulate filters and front-half rinse residues were 
saved for later metals analysis. 

The filter and rinse residue samples underwent sample workup accord
ing to the procedure outlined in EPA Method 3020 of EPA-SW-846, which is 
a nitric acid digestion and dilution. Analysis for Arsenic followed the 
procedures outlined in EPA Method 7060 (atomic absorption, furnace tech
nique), and analysis for Mercury followed the procedures outlined in 
EPA MethOd 7470 (atomic absi:n'pfion, cold-vapor technique). All other 
metals were analyzed using EPA Method 6010 (inductively coupled plasma 
method). 

Hydrogen chloride was collected in the back half of the EPA Method 5 
sampling train in an absorbing solution of 0.1 N NaOH. The HCl is 
trapped in the dilute solution, forming ionic sodium chloride. Analysis 
for chlorides was done using a chloride ion specific electrode (~SE) and 
expanded scale millivolt/pH meter. The analysis procedure is basically 
a modification of the NIOSH S246 procedure for HCl in air. The collected 
sample is adjusted to pH 5 with acetic acid, and the chloride ISE reading 
is taken and compared to an external standards curve prepared from a 
series of five chloride standard solutions. 

One particulate test run at the scrubber inlet location used a 
Modified Method 5 sampling train and procedures, shown in Figure 12 and 
outlined in Section 1.2.1.8 of EPA-SW-846 for the determination of 
polynuclear aromatic hydrocarbon (PAH) emissions. This may be a concern 
from the burning of waste sludge. The analysis scheme for quantifying 
the collected PAH is shown in Figure 13. 

NOx emissions were determined using the procedures outlined in EPA 
Method 7, where a grab sample is collected in an evacuated flask contain
ing a dilute sulfuric acid-hydrogen peroxide absorbing solution, and the 
nitrogen oxides, except nitrous oxide, are measured calorimetrically 
using the phenoldisulfonic acid (PDS) procedure. 
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CO emissions were monitored continuously at the scrubber inlet using 
EPA Method 10. A sample gas extraction and conditioning system removed 
particulate matter and moisture before introduction to a Beckman 864 
NDIR analyzer. Span gases of zero air (nitrogen), 105 ppm CO, and 1000 
ppm CO were used to calibrate the analyzer. 

Scrubber water samples were grabbed from a tap which was flushed with 
several volumes before sample collection. Samples were collected before 
the first test run and at the conclusion of each test day; no scrubber 
blowdown occurred during the program duration. Analysis of the scrubber 
water for metals followed EPA Methods 6010, 7060, and 7470. 

At the beginning and end of the glass melt furnace incineration 
program, a sample of the glass melt was tapped from the furnace for 
extraction and metals analysis.- Because of slight residual radioactive 
contamination, the glass samples were analyzed at the Mound Laboratory 
for inorganic constituents with emphasis on cadmium content. 

V. QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES 

The objective of a QA/QC program is to assure that the precision 
and accuracy of all environmental data generated by or for Monsanto are 
commensurate with data quality objectives. Data quality objectives for 
precision and accuracy are established based on the measurement system(s) 
chosen and on prior knowledge of the data usage. The measurement methods 
in this program have been validated through studies which used repli
cates, spikes, collaborative tests, calibrations, and recovery studies. 

Data quality objectives in this program were to generate data which 
would be used strictly for internal corporate purposes and for the 
performance evaluation of the pilot-scale control units. QA/QC in this 
program included the use of EPA reference methods for sampling and 
analysis, adherence to established procedures, method blanks, quanti
fication against prepared standards, redundant data calculation, and 
chain-of-custody documentation. Most of this information is included in 
Apendices A and B, which contain the field data sheets, example calcula
tions, analysis request forms, chain-of-custody forms, and analytical 
reports. 

Tab 1 e 13 presents the VOST Tenax tube fie 1 d and 1 ab b 1 an k analysis 
results, an important parameter for determining the "cleanliness" of 
tubes used for trace organic analysis. Because the Tenax tubes are 
thermally desorbed for GC/MS analysis, no QC data on precision via 
splits is possible. Previous lab studies on VOST precision have shown 
about ±15% difference for paired analyses, and field splits (collocated 
runs) have indicated intralaboratory precisions of about ±15% and inter
laboratory precisions of about ±40%, depending on the compound. VOST 
accuracy is considered acceptable when audit gas analysis is within 
±50% of the true value. 
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TABLE 13. VOST BLANK TUBE QC SUMMARY 

VOST Tube Compound 
Run No. No. ACN AN CC14 ClBz Phenol Xylene 

1 F 1-16 NO NO 
1 B 51 NO NO 
Lab 2104 NO NO 
Lab 2014 NO NO 
Lab 17 NO NO 
11 F 2081 NO <10 <10 <10 <10 
11 B 56 NO <10 NO <10 <10 
Lab 17 NO <10 NO <10 <10 
Lab 17 NO <10 NO NO <10 
Lab 17 NO NO NO NO NO 

Note: Blanks (--) indicate that compound was not analyzed for, and <10 
means that the compound had an MS response but was below detection 

NO= none detected with a limit of detection of 10 ng 
F = front tube in VOST 
B = back tube in VOST 

All other method blank information is shown on the analysis reports 
which are compiled in Appendix B - Analysis Reports. No blank contamin

. ati.on pr.oblems we.re_experie.nced in the _program. 
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CHAIN OF CUSTODY CHRONICLE 

Company: IN""'" Jo 
Facility/Site: Jt&.. 0 1}-1 H~ 

Address: 

CONTAINER CONTENTS 

BOTTLE 

PCS I 

Attn: 

Phone: 

SAMPLER 
No Type Size Preserv .. ANALYSIS Filt( Y/N) Observations 
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I have received these materials in good condition from the above person .. 
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1 have received these materials in good condition from the above person .. 

Name: Signature: 

Date: Time: Remarks: 
============================================================================================= 
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MRC Job No. Q7-ooo-7bO.tb-'WD Customer Representative L,lf/!Ulr= lruuattftf 

· Contract No. MRC Contract Manager. Vt& PcT5t! so: 

Plant Name or Code /11av JV'-1 Team Leader C Q.,A,- Ct~t&< 

Sampling Run Date Type of Sample & Analysis Sample recovered By 
Location Number Sampled No. of Containers ReQuired (Initials) and Comments. 
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Process S ~:Unp es I nle.:!:: 

SAMPLE IDENTIFICATION LOG 

MRC Job No. OJ-D00-76Q.J(,-'JQD 

Contract No.-------

Plant Name or Code Macuva 

Customer Representative LABI?t lct..wt::t.cR 

II'IRC Contract Manager elan /E7C.~.J 

Team leader C /)q &c:lf!V 

Sampling Run Date Type of Sample & Analys1s Sample recovered By . 
Location Number Sampled No. of Containers Required (Initials) and Comments. 
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SAMPLE IDENTIFICATION lOG · 
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SAMPLE IDENTirlCATION LOG 
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Sampling Run Date Type of Sample & Analysis Sample recovered By 
Location Number Samoled No. of Containers Reauired (Initials) and Comments. 
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

PLAHT /1o.V7.1V7tJ Jl1o<'.VD 
DATE ~/A. .v i i, lfa'.Z 
SAMPLING LOCATION ., >'c e,;e/7<T6' 0<-·, t t: t 
INSIDE OF FAR WALL TO 

OUTSIDE OF NIPPLE, (DISTANCE A) -4 .. ,.- ( ( • 00 
INSIDE OF NEAR WALL TO 

OUTSIDE OF NIPPLE, {DISTANCE 8) -..:.L.fr:../.1'-'-:.-~==----
STACK I.D., (DISTANCE A- DISTANCE Bl--'1£_.~'-',£3_.::....<:2.._ ___ _ 

NEAREST UPSTREAM DISTURBANCE--------
NEAREST DOWNSTREYd DISTURBANCE----~--

CALCULATOR-"C--'-(2_""--------------

TRAVERSE PRODUCT OF 
POINT FRACTION COLUMNS 2 AND 3 

NUMBER 

I 
2 
1 
(-/ 

··~··· 

h 

EPA {Our) 232 
4(72 

OF STACK I.D. 

~.~ 
1'-fJ 

.:2. 9. ~ 

7CI.'I 
..... J{f", 'I 

"'-.c; &-
. .._ 

. . 

STACK l.D. (TO NEAREST liB INCH) . 
i'b:,k 'y)_. )_~ "' /?r f/ J 

/,/?'7 
t.; Yo 
(;"",?'f 

"'-.\1 A "v;-:'f£ ""-. 
• . 

""" . . 
~ - --

. 
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SCHEMATIC OF SAMPLING LOCATION 

TRAVERSE POINT LOCATION 
FROM OUTSIDE OF NIPPLE 

DISTANCE B {SUM OF COLUMNS 4 & 5) 

~7)~ ~~ ~~., 
? ;- ;h:;..., 

C/.£ 5""- ~2 
£ tZJ ,(- ~/,p 

9.1~ q. (h 
/(), 12 '1 io-'/. p 

"'"" 
f)~ ~7~ /~O 
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: '<? ;~ .._ . . yn ~ . ' VV(c(.<~ ~ - . . . 
i 

I IIIS'lllllrn CIIS I ( III.TA) I (~:En) (~!SPI.Af) I r 1-r-.tZ 1-z}l lz~ """,, -rp'. 

l.ood EJ>,O,..S (,...ISO<I) Sl .. 1 I I 1><1!• /-IN? ·1-![·E~ I /'It;'·!?~ V-1.>-i'o 

Stm"t var1&01es T111E• /I? 7"' ii/17 /OY> /IN/ lltr 

Metm' volt.llltil I '• .... I Eli1D ' 
lla1"G111111:1'1C: Df"eSSU't"e 'bor I ln. "9 Eli1D 

Pt-aSUl"t d1ff. on or1f1ee ... I ln. II. 0 EliTER I 
MleUrtallllli:Nti"''CI.JI"'! ·~ llo9 F A '• I I 
JVeur c.al1bration fac:tDr I l EliTER 

YolUiilll N~&tar in 11111:1. I ~.., al EliTER I I I 
YolUIIII -.teT" in s11 gel v,..g 9" EliTER I 
PaPC1cula~ ~llectaa "" I ag I R!S y r---.,-

I I 
Cca!DuU WOlUIII!I lll'teT' S'tlnda.l"'d a ~m(su!) ·- I 
Ccari!:zut.e volr.ae l!i111tel" su.nd&nt RIS '""<sml I 
C&:~~~Duu Nf"'CCfft aatstur'e R!S a,.. i I 

""'= R!S c· • I 
-

I:.Cilllmut.e IIUS 1Md1ng curu:entnt1on • 
concentratl., I lb.lllSr:f I RIS '• - I I 

I..OoO EJ>,o,..z -
Stack 't:I!IIIIDer&ture 'fs AY& llogF sro 2 I 7/U? I w'l I to 'f I go 
AYI'rac)e velocity- nua ,......,.. sro 3 IJ, Z7 o,;r CU.> Ja .. ] ..::( 
Pilat tuDe calibratlon 

"' 
.. sro • (),pp t.'J.fF tJ,f'? 1<?.-?<7 

,'\bSOhru suCk ~ P, .ln. Ill STl7 s .H?8 l.zf,J.t _2f, 18 12?.] 9 
Dr,. mlec:.v\ar we19ht "c. I AtA sro 6 v...t~c 12-P,C 27'-tP 12/.?c 
Mole fn.c:t1cm K.O a,.. s:ro 7 ~,~ N P I o-M> I o-tJ z£ l:u:rypQ 
c.ca:aru veloci;y v, I rn ' B Ys Ay; i tft.1 5'lt6' • .:<2.1 17· Jt>k.;>.JZ.; 
St.aclt. .,... .. - .A ... sro 9 . . CJ .• 2/ tJ, ? I Cl-21 lo. 21 

~ suet flow f'lte . Q, CSC!'I! I c Q, 1/3 {),{~ I, I Pc4' u 7 n 1 i'Si'J>Y~ 
Dr7 Sta-1'11 llSl:fM Q + 60 . ;J-17 I 12..0 J'I>IJ.JI 
A:;tual Vs X A X 60 """' I \;;:z..-,o 121 'J-!F 12f_a 

. ' 
CP 1,7, 'f lt~.Pf CJ.ff'_ ltJ.~? lc;7,pp 

p, ki,) M, ru I.L f, ?A' l.u. Y' l..z.?. J 7 
tk/ b" c ; .. .rt, 17 ! 2 9.o I .2-9.o !,.z.r. o 

Bvo I ,,._ 7 . ~-eiR ld.Oii:_ It?."~ ltr."?.,z 
1/i I I rs iJ,· /!v-j L7, 7.2....11,.,, II I If! .;,rt;z, .::-.tr 
If I c;..;,, ., leuz.t I ~-2 f I tJ, 2.1 I 11,2./ 

(l( f!<: c. ,c H c. 62 (' '12.. <t# h r2J.i it.:< o 7;1 tro'ts· 
~~ I n ~ c..c"' Ia-:' c<? I ).47 I~~'' I :Z...tJI l26"0 
~ I ~ '"<"<U 

/J.C.FM l2,. '3 l1stJ I :;..J-Jt I ., .._ 'i . ' ' ' 
I~ ! ) %I ' nl ~~I 10'/b 

Dau RI!(IYC':1on By: (ln1t1als} I I I I ! 
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10 Jcl Ht?> 

;._, ,-! {:~ ,.__ 
·'f../,~v 
f'"' J/ '1 q /I.e... 

'f i/ ./II<"' o? 

r s,..,. "~ 

c it• "' fl,_) 

1/80 

EPA METHOD 2 
VELOCITY TRAVERSE DATA 

C/?LI8/i/-JT/O/W t:JP 

,4/1/0 

/J /1/ ;I/,;; /3 ;>;? /f_ c (I" J 
C q /,' b Nf/7J•"? ;:;,_,.f;J 

/llflr'-' j,.,_,. 
r-----"1--+----, /} ., ... ( 

[rfl~ 

A-/ /)•lf;J i/,2__~ 0 J_/ vlf-tJ,tJ'J VJ r?'70 ~ >~7/.Z: 
2.. • fJ;:. i /..f o. JL ii-17 • f? c,- ! ;J,o --, 
'3 [){, Lf II i 1 hi-!?.(')~ IJ .. O/ 71 ~ 

!/_ 0-t,J f/lf tJr/1 -1-{J,(J>- CJ,07 

" AVERAGE 
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.:t: ~ t-.-' c o,_lt.-r 

PLANT LOCATION· '7 &rv/ /.- I D C . : i? (/""' . . 
I 

(x I· " 

{fl'/i I NSTRUCTI OI<S ( DATA) (KEYS) (DISPLAY) v ,,~~.!~ RUNt: 

Load EPAGS (r-evised) Side 1 1-:2-2- /-2"2_ /~2.2_ 1-:2-) ' ,..,.., : 

Store variables L< 7~-1 f- t/4 i 
T!l<l'' I 

Meter vo 1 LiiiE '• ft3 EKI'ER 

Ranl!llletrie pressure 'bar ln .. Hg EKI'ER I 
Pressure d1ff. on orifice ... ln. H. 0 EKI'ER 

........_ 
~ I 

Meter tei!Perature I" Dog F A v. ~ ~"" ~ I 

Meter caltbrat'lon fac:tor y EKI'ER ~ ~ .\ u ";. ~ I 
Volume water in imP. Vwe •1 EKI'ER ' < "'"'"' ~ ) "">- J 
Vol~.~~~~e water in sil gel v.,.g 91!1 EKI'ER ; ; I I .~ ~ '\' ' 
Pcn=·t'icula.te collected .... "9 R/S y "'i- .J.. \ ~ "'' :-{ "'--""' l ~ I 
t:aaput.e volume meter standard B Vm(std) ~ 1~' -~;: ~ .~ ' I 
Ccmpute volUifle water sundard R/S vuc(std) 0:. ;:- ~~~ ~ -""- ~\'- ! 
ComPute percent moisture R/S e.,. -' "" ~ \.!', c.; 

" i 
'Ccaput.e mass loading concentration gm/DSCf R/S C' ' s "<.. : 

coneerrtratton lb,/DSCf R/S c, - I 
I 

Load EPA-Z 

Stack: te:rroerature ls AVG Dog F STO Z I '1 -:z., ('17, I ?f')? !9b i 
Average velocity head r;rr STO 3 .-53 . 5"5: /,C) • 'i2 I 
Pilot tube calibration Cp STO 4 • 9 Gf t4 , '1'1 I 
Absoluu stac:k. pressure Ps ln. lig STO 5 29.33 12f.~ .2.? . .2fJ i 
.Dry molecular weight "c STO 6 :2.9. 1_ :J.f, ;).._ L27'.,2. 3 ! 

I Mole fraction H.O B.., STO 7 • J 7 .07 !R I 
Compute velocity 's Fl'S t Vs AVG 1/df.)." 1106'. '{ 132-3 
Stack area .. A ttl STO g 0.2./ (},2.{ I(J.I.J CJ, 2./ ' 
tczcpute sta:ct f1ow rate Q, DSCF1< t Q, lzois-.::z. l!~n.-6 I!S'7t:;-:j: 
Dry s ..... "' DStRI Q f 60 1nt 1?~...3 l,;z.c;;z.t: 
Actual Vs X A,:: 60 ACFII s-16 I! 15-0 I t.f rJc, ! 

Load EPA-5 (revised) side 2 

Stare nriables, ! e.,. STO 5 I 
'•< std) STD 7 ' I 

i 

lb./DSCf STO 8 I···· I 
I 

Stack temDerature T, Dog F EKI'ER I 
Samol11'19 ti~~e • ••• EKI'ER 

Stack gas veloetty v, ft/sec A 

Abs. stack gas pressure 's In. Mg EKI'ER 

Nozzle area 
., ,,z 

Percent lsokinetic R/S <I I 
tomoute mas!. loading 

.. . 
I concentration gm,/DSC>< B c s 

I I 

Emission Rate (lbs/hr) ! q, ! IJ.S~El:il X c, [lti5!12S'E' ' 
Pollutant: I I 

I 
Data Reduction By: (lnttials) ' 

I I 

I I 
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A/c?Mc?GAI'1PI-/ Hl'-6~ 
INLIE-r- 5clf'v/9tJ£PL 

EP/-J s-

c 
-r""' iii> cpo 

B ~ A/5 2.t.r 

I} /"'f ~ 

fl?l ;K'fi. 

c., ~ I 

tJp ~-1:' 
-- ----- - -- - - -

!J 1-/@ 

- • J "lfy) 
sk 2.. ! J.r.r 

;/o J /()oo 

-
;;/-o 'i •. fl7l' 

,~ r J-. f. :z.. 

)~ { (). 8 'I 
... 

ff, 7 .)- ·J, IJ-1·( 
- ·- ---- ·-- -·- . 

do! J ·'h. ·-

I 
I 
' .I 

I 
I 

I 
I 

' 

/f/JO - {2-0C? 

------· --- ------ ---- ------

71,.,~. o~ A- o . .2r @~-----

R'e*l 

-

O,v ?ic f 0· Jo 

B J. -'r'1 

~J'f<- _.J- ).,~cfl 
g.,,~ 0{1 ~-~v,'u~.r 

;z..;o )...~, 

B-58 

/lee? 

-

)..'f.f 

:.---

-.. 

"' / 

I ((o e> ~~~ f{OO 

...._ 

-_... 

...... I 
/ 

........ 

-

f).. ]j,- ;{.:H 



,.-:-::-....,"J 
.. , .. ; 

EPA METHOD 5 NOHOGRP.?H (HP-65) 

USED ON RUN NO.: ______________________ __ 

DATE-------------~~--~~----~~~~~ CALCULATOR: () · r "· 1 f ---------
SA!-<.?LING LOCATION if jf" 1 bL-,.-. !r ( • (J T L~t: 

-·- INSTRUCTIONS . . . . . KEYS 

l Run card 

2 !nitia.lize prog~aii'l c 

. Enter average T (meter I I 
temp J O.f m I 8C 

0 "f I 3 If meter R/5 
I t:e.'!'.:?. unknowr., use ambient /-i:-=. (-~ 0 j I 

! 
.. 20°:' ,_ \..._. I 

I 
-n ... .... - (Barometric ') l/ :-_/~' ! 
~ .e- "bar ,._ ' ... ./ "-' ' 

' I 
~ pressu.:e at meter) ~q' 4 6 In Hg ~ R/S 

I 

I 
~~~=~a~ih (~~:~c:! r~i3~" 

. ·;::- .... _. i 

1 

·J "- I~ _;Hg -~ STO - ~9,Cfo 2 stack gauge pressu e ~n 
i In. H20l . ~ ~ 

I 
' 

6 
Enter averaqe T {o~~i ~~~~3 (st;ack s. ) Q-F L ~m temperature 

\ ( 

Enter B (mole :rac'tion Fraction 
; of \H2o'!"' vapor in gas I of H20 STO 4 

' stream) 
(l,O/ R ~ ': ! ! 

I 

I i ::::nter ... l:nolec-..1la.r weigh-: 

I 
lbs/lb ISTO 5 I I a of Cry 

'"d . 
:nqle-. ~ 

I I gas1 
~".o ·-- \ ' ! ~ 

' ; En~er c (::vne uS" pi. tot. 
I I - co~ffi~ie.nt) ISTO 6 ; tube ~ ~.~or;(!_qO( I I 

I . - i Enter average j (. o..2s-) 0.0·/) !n. H20 · 'f"STO 7 -- p ... -I' 
i E:l'ter ~Hra (Calibrated 

' ' ! ?ressure~Cifferential !n. H20 STO 8 -- I -
across ori!'ice) l .C{C .. · . 

:..I' . 
I , 
I I ' ~ I ..... " 

2 r 
I 

' I .-. n 

' ! 
I 

~ -1-8-7 ' Enter actual D ,1, In. STO 9 

I 
-- I n 

I ' i "B" E I -~ 1&. ~-' 
I 
I 
I 

I 
"D" - Molecular ~eight of 

D stack qas (.'1 ) 
s 

B-59 

OUT:'"jT 
DATA/UN-~s .. 

-
0.00 

T 
;n 

T ;'? 
~ "' I 

l 

' llu? /("0 

I 

! 
I 

. i 
D~ t.:-.eo. d fj 
(noz:..Le =..:..a. 1 

in :..:-;:::!'les) ! 
.. 

I 
I .. '" ::ac:.o:-

I ' . 
! 

:bs/lb ::.ales 
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PREUMINARY VELOCITY TRAVERSE 

I'LAIIT ~.::! u &C./J. 

~~!noNj;::;;:Jt;;;f, -&-_,,._/ . ,, ; 

STACK I.D. { • ;l£ 
BAROI'llETRIC PRESSURE, in. HE $",. ~ ~ /?-
STACK GAUGE PRESSURE, in. HzO $"P " I?,( £-
OPERATORS C.P, </!'? 

TRAVERSE 
POINT 

NUMBER 

J4.1 

"" :1.-:L 
2.. 

/ 
L. ;,..~. 'f ''11.0 ) 

' .. 
Vo..53 

CO Hrlo 

~ .. 17.t 

.... 2.~,#.T, 
~;,r.;JS", 

n HJU 

'1 ~.'f,. 

1'1 

} ;?.;v2(J~·~ 

L ,f,ct ~.v.z · 
'-!) Hr>. 
__.-: 

'l·J' v ·'4 
~1 

lf 
_ _fi I 

2-
'} 

'-1 
81 

fV' 2... 
) 

tf 
AI 

2.... 
'S 
lf 

fJ I 
") ....._ 

1 
/..; 

e. I .., ..__ 

'7 
L] 
' 

AVERAGE 

VELOCITY STACK 
HEAD TEMPERATURE 

(Ap5 ), in.HzO (T5). "F 

I , ~ 

'{ 

.. 
"' 

,I 
~ ., 
> 

. ¥······~ 
&Je /~ t-... 

. ~,-17~ ~ ··-··-- -~ . "- . -

0 . .2.0 J. 
d. ('! :r ........ 

~. ('f " • ,1,/ s- -t. 
/) :zo "' .. 
(J,;l.-2._ [/ \1 

(') . z I /8R 
!? ' ?1 
/<)_(:? 

/) l;Lf I 
(). 1/ i 

(J, ) I i 

(! . 7{ i 

(). 3> .y 
1v7 \.rcJ: ~Cj 

SCHEMATIC OF TRAVERSE POINT LAYOUT 

TRAVERSE I VELOCITY STACK 
POINT HEAD TEMPERATURE 
NUMBER (O.p 5 ), in.HzO (Ts), "F 

' 

I······· . .......... 

- .. ... ~- -·· -- --- -

AVERAGE 

I 

' ' 
. 

; 

I . 

. . 
' i 
' 

I 
' 



;'«"f W"«'O 

INSTRUCTIONS (DATA) 

J.oac EPt. .. s {revised) Side 1 

Store variables I 
Meter volume 'm 

Sarometri 1: pressure 

Pressure diff. on orifit£ 

Meter temperature 

Meter calibration factor y 

Volume water in imp. 

l t VI "'"£,'; 
( KEYS) (DISPLAY) 

In. Hg I ENTER 

ln. H:! 0 ENTER 

Deg F A 

EI!TER 

ml I ENTER 

RtJW 11: 

fJATE: 

TIME: 

' m 

) Ct:i<.O#,._--- .I... eo.;& 

f' Ill/. T- fl C. L rf/4-t · f'l U- i 
1- Orrr 1-tlwr ,?-tJ'-'7' ;2-CJv"T 

12r.:o - l).r • .2u 
• 

;;. . 'l p 

VoliSIIe water 1n sil gel Vwsg 91!1 ENiE:\ jt), '/. j $). ~ U' i I 
Par-t-iculate collected fa e +o~ ~'n mg fUS I Y / / 1 l -~--.u-,-,-,-,,-~-,-.-.-u-,-,-,,~.~ •• ~~~~r---------~--------+----B =I ·~,m-(-,·~--l-b:;;-~~.6,-~--~-_----+4--~--0-79-+I-------+~ 
-""'--""-'-• _v_,,_ .... _._,_,._,_,_u_•_••_•_• --~F-----~F--------+--R/S vwc_( '-~-)....fl'{,;;.~.J'7.L!.4 ___ +:..7:.., :;;:2.;_7:.,_,.._ __ _,.1 
Comoute oercent moistlJre I R/S 8ws (). ;/.() - 0. f '{ I 
Comoute ma.ss loading +~"''fl.,.. c:oncentra!ion C' ' 

' 
concentration lt./DSCF I ,.,j, R/S c, 

l.oac EPA-2 ' / 
Stacie tenoerature Ts AVG Deg F 

Average velocity head 

Pilot tube calibration c, sro • I&. rr - o. rr 
Absolut.e stack; pressure '• In. Hg 

Dry mlec:tJlal" weight sroe lzr.-< - 12'125 
Mole fl"aC:tion H.O 

STC 7 11.1 • JJJJ - ~ ,(_<j 
Comou~e velocity v, 

Fl'S B v, AVG i.(j ,J'{ 136.~ 
Stack area A ft2 sro 9 o.:z1 - it'),:Z/ 
Com::uJte stack; flow rate DSCFH C 0s l:zt9<r.f 1_9_760 
Dry Stanaar<i DSCF>I Q t 6D 1.?£ ;. '/_ J J ;l. 7 
-''-t"_._,_v,_,_A_, __ eD--------~------~---•c_""--~------~-----~~~9'~1c·~f~----.~·~~s~r~.~r~l ____ ~l 
load EPAa5 (revised) side Z 

Store variables e., STC S To . .'2t'! I lf i --r 
i (),/ ·- t-.-2 • 6' .i I '44 t').J'I 

'm(s~) STO 7 

lb./DSCF STD B I I 1 U--. -·~ 

Stack temperature r, Deg F I ENTER :ioo .; lHY.2l 
-

Samoi ing time e min I ENTER 60 {0 ! 
Stack 9as velocity I v, ft/sec: I A 1./t.N 1~6 . .71 
Abs. stac1r. gas pressure > s I ln. Hg ! ENTER ;J.UJ_ l)r, ?O I 
Nczzie area .. I ft2 i?l'f,l) I -- I<;-_ fp E-~ 5". JOE~ I 
Percent lsoKinetie 

tl /.£..,.&. R/S :! 
' - ' .. l9·u: '1/..1? ~ 

Comoute ma.ss loading c:oncentrl!tior: / :;L iSs-ei! I 

I 
... 

' ~.uE-" ; B c s 'l."l..71f!."'j 
I :;. 0 t5"?-- "t-, .,.., v- ....-:" ( 

I I 

'"· D.tf/4. 
~ission Rate \lbs/hr) 'I o.o::!¢ I q~ rno::~::-~..:1 '1. Cs n ~~ tns;e 1 ' ' I ' 

Pollutant: 

Dat~ Reouct"ion &y: {Initials: 
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- ----

I J- ,¥A,, '7- f.,!q_ I .:,. -............ J,., '/-1(._(_ 

INSTRUCTIONS I (DATA) I (KEYS) (DISPLAY) 

RUN ": 
Load EP~-5 (~evised) Sid! 1 I I 'PATE: l/;."1/Jd I >' 
sto~e va:riables I I nu:: /_-:;:::; I'";; 5' 2 /'-ttJ} f< . l>tJ J 
Meter vol~ v. tt3 i ENTER ls--< .£.68 T ~rs/'7~7 Barometric pressurt I bar I ln. Hg I ENTER bg.J J -
P~essu~ diff. on o~1fice ' I "" I ln. ~0 ENTER ,.:!. c. - .::z .. r -
Mete~ tempe~atu'l'"! ', I Oeg F I A ' m ,",'I 0 

?:J I' - '?f. 2_ I 
Meter ealib~ation factDr y 

I ENTER (J/17' -
Volume water in imt:l. I v., ml ENTER ldJ.l '7C' ! ! 
Volume water in sil gel I VWS9 9" ENi B, /?. i"J I li7- '1 ' ' Pa...tieulate collected I ·~ mg K/S y i T 

- 1. Compute volume meter stanoera I I B~std) <-;f,,-yJ w 1. "-'1 I ' ' Compute volume water standard I 
R/S + Vwc(std) lf,2.bi ;].f) I i Corrwute percl!nt moisture R/S Bws (') ,; 6 I (1, .2 ;~.._ I I Cornoute •ass loaclins~ .• ,. ~· ,_ concentration - grn/DSCF I R!S C' ' j.i !E.-'-ll 17 1i6-L/ I s 

I l•, 

I 
-fcc~w [concentrat'lon I 1 b .toscFJ.;J R/S c, F-t,~f-81 '"· 6(, E-8 i 

Stack te'lloeratu~e I is AVG Oeg F STO 2 ''7 5 (b,. I fc),x,"', l 
Ave~age velocity head I ,7T STO 3 ,:;'if I .. ?I '/ Pilot ;uoe calibration cP I STO 4 I f)_, '?'1 
Absolute suck p~essure P, In. Hg i STO 5 ?P. 9'? -- [2f.. ?;- I 
Dry mole,ular ~ight Md I STO 6 ?f, '171 - I 

' "'=>le fraction H.O I B.., STD 7 () .( 6 {). ).2._ j 
Compute velocity ~. FPS ·B Vs AVG 3'1 3 '1 '-f(,{l; . j 
St"K tl"'!a A tt2. I STO 9 !rJ,..;cl --· ComDute stack flow rate c, OSCFH c o, i1?.72j. I ;.'7; I 
Dry Standare ' OSCFI< ~--•6D_. 1-'l.i'l-- +1:7 -1-l. ·- --· -- . 

---~- . - --"---· .. 

Actual Vs ;,: A;,: 60 ACFI< '--lfb !~2~ I ' ' I 
Load EP~--5 {revise<:!) side Z 

I 
a., 

I 
-- ! ;o,.n: . Store variab 1 es I STO 5 I i ().f6 

tm(std) ·-
•ia2J.i I STO 7 i j:tr.z.:t; I 

I lt!./OSCF I STDB I I I I -Sta'K ~emperature I Ts Oeg F i ENTI:R 1;;n l;zcg, J I 
Sampiing time r ' mtn I ENTER i6C' 1-- . I ' " Stack gas velocity I \' s ft/sec I A I iH · i 'I i '-t!.bb i Abs. stack gas pressure I '• ' ln. Hg I ENTER I '7 .'1,'1>1 !·?~~ .. 7?1 ' I 
Noz.:ie .area 1 ;.., I tt2 

' 
i I IPPE-<ti • 

Percent Isokinetic I Ill J • . , I R/S :r ! r~.l! i i (nV4 ~ 
Cant~ute mass loadins ] concentration--r v~ 

... 
13.'/3E·4 l71E-~ I ~" .... I B c s 

I 
I I ~ I 

Emlssi.on Rate \1bs/hr:• : fis r.,c:~el./1 ' c, (]t'~IQ~~""=' 7SI', aar~: 

Hce 
I 

' 4d.fJOt;31 ' i Pollutan:: 
! ~.COIL/ 

' Oau Reduc:ion Sy: (lnit.iais: 
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INS,TRUCTIONS 

I.OaC EP;. .. s {rev;sed) Side 1 

Store variables 

Meter volume 

Baranetric pressure 

Pressure diff, on orifice 

Meter temperature 

Meter calibration factor 

volume water in imD, 

\..<.../I) 

{DATA) 

·bar 

Vwc 

ln. Hg 

ln. tb 0 

EN"T!R 

ENTER 

EN"T!R 

A 

EN"T!R 

TIME: 

y m 77'. :; 911.5' 

f/CL• 

;: -av-1 I 
I !!:f.$ 71 

! I I {
1./f,;i' I 

m1 EI!TER I;' ,;'.6 :2, /:J. h i I 
Voiume water in si1 gel Vr.rsg 1 9'1!1 ENtEi; I·~ / J o ' I II/, ., £. L ; 
Par.J:lculate collected -(f r f..ci "'Tl mg IUS I \' j / 1 

1
1 _____ ____;·..:.:..·· 4""-"---'---'-----+----'-·-,-·--+-''----!---t--L---'----+ 

.:.Como:.._u...:t.:.e _••_,_""_'_"'_t•_•_•_u_n_oa_r_o -+1 -----~f-----+---6 __ I Ymi __ •t_d_l -t'f'-~'6:.:·..!.1.:3~1:.._ __ +1 ?/..! lb"'·:..Jflt.!..L 7,_! ___ _,.i 
ComPute volume water standard I R/S ~(std~ lf.t?-?i /8. 7.6 I: 

,/5 T'""'s:-.,~+£.,.,.:..!:.~ '3:::..-j..--+J..,~ • .:...;..,r;::.. ~+-1 ---+1', Comcute oercent moisture ~, /, C' ~ .~ 

Loac EPJ.-2. 7 7 
.:.Sta:.:.:.c,...:...:temo_e-ra_tu_r_e------,---T-s -A-VG--,...--0.-g _F..:__,._S_T_D_I_.,.----..,--jl-) ,f,',('?--.,.1----,-;2_-"-3--,-----,-: 
Average velocity head 

Piiot tube calibration 

Absolute stacK pressure 

Dry mole~ular weight 

Ho1e fraction HaO 

CcmtPute velocity 

Stac~:: area 

tanpute stack f1 ow rate 

."'Z""r 
c, 

o, 

I STD 3 ';,· 7 c ! It?. 'tJ 
ST04 /), ff 

ln. Hg STO 5 i2'f. 'fJi 

FPS 

OSCFH 

STO 6 l..2 ~ ?/? 
STO 7 '11,/'3 

B 

c 

I 43. t~'f 
10.2/ 
~ bl/~05 

Dry StanDard DSCFH 0 + 60 J S g } 4 { 3 
I: 

_Ac~t·~·_,_,,_,_•_x_6~o--------J_~----~---''-~--~------L------~·S:~¥~#Z~J~---~~~~----~~ 
Loao EPA-~ (revised) side 2 -

' I STO 5 I ; o.!'J 1 
i i ==t Store variables •ws 
i ~ • .)..3 i ... 

'mlstd) I STO 7 !5"~ ;;-1 '?t.!71 
I 1b./OSCF STDS I - I ---·1 

'· S tac:l: tl!!!lt'era ture Ts I Des F EN"T!R I I tc? l.?l03' I 
Samp 1 i ng time ' I min I EN"T!R i tc - I 3'? i 
Stac~ gas velocity I v 

' ft/sec i A I i41.o'fl 1.- 'r'. J' 71 
Abs. stacl: gas o~essure I ', I ln. Hg I ENTER 12?. t..1" I l·n r,t</i I 

Nozzie area ·~ 
I ft' ! I 15-.Jf'E-7 ' ? I I 

Percent lsokinetic .,, J ! R/5 I :1 Jq G". I./ k{q_.;" ... 
Comoute mass loading concentrat"ior. I ; B I 

... 
3.'z.9E~ :~.30.:~ c s 

I Emiss1on Rate {1bs/nri ().0'15(}, 
Pollutant: HU 

Oat~ ii.educ:ion 9_;-: Dnitiais) 
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-· ------- < >-a-v a err •<y(&ft/ - ·- ·' .. 

A(DATA) I J!lr. I (KEYS) (DISPLAY) J?a-f. J f/CL I f'o~f· ~ fie<-. INSTRUCTIONS R . P~ I 
7- ~I- ~ ~ -0.,</~ 

'0/ ~-. ',,_ ·:r-J.c_,._ . /....k.. ... - . JWN ": .;.· 
load EPA-5 (revised) Side 1 I i PATE: //J .. h;-1 ->- ;/;,;,,- '' ,.. 
Store variables I ! nME' '3SrJ,..It6oo I no 'fc /'if& 
Meter volune 

I '• tt3 ! ENTER 7$'. 'f.2fll '3E'· ?0"1 
Barometric pressure I -vb,u I In. Hg ' EnTER ;2'1. J 71 J.<r, ;J../ i 
Pressure dfff. on orifice "" I In. ~ 0 I ENTER I . .:<.. I' ;2.. I 
Meter tem~rature I . 'M Oeg F I A \' m 7'1.6 ;;o.P I 

Mete!" calibration factor y 
I I ENTER Cl. 'ff'fl IL?· f'!P Volume water in imtl. • I Vwc m1 ENTER 8. J f,,/ i I 

Volune "ater in sil gel vwsg I Efli B, I 'f, 9 I Z·~ ' !1" 
i 

PaFticulate collected {'. <1;...- ·~ I [ JUS I y I I 1 
I 

i mg 
I I ~-' I I I Ym(std) I l<r,. r¥ i 

Comcute voiume meter standara I B 7"f,(!J/ 
I ' "wc:(std} li· 06' (). 6 ; ' ' 

ComPute voiume water Standard R/S 

t- B.., 
I I Comoute percent moisture I R/S i!J,O( /'J,,:}J7 I I Comt:lute mass loading ..f?o.,/,v concentration gmtoscV li ~ R!S C' • s 'rl.tJ E-'1 14·17£-'1 I ?,!::. !concentration l•.tOSCF /. ~ R/S c, .J,0-'..£•81 l5':'17i'·SI i .. 

' - . 
Ts AVG Oeg F I STO 2 I tl'-f • .Z. 1/0,f I ' 

Stack temperature 
I Average velocity head I ,"T'f'"" I STO 3 0' .;, t:J ltJ.~ I . Pilot tube calibration Cp I STO 4 ' t),<f<f tJd? 

Absolute stack pressure p' ln. Hg STO 5 L1r. <71 17 9, 2./ I l 
Dry molecular weight 

""' I STO 6 l.zf ... ZI !?;;',-7~ I ' Hole fraction H.O s.., STO 7 ().<P/ CJ, i'J(7 ! Canpute velocity I 
I ' s FPS B _vl_ ~\'G !J./J7 /.3.&!~ 

Stack area A ft2 STO 9 tJ.L/ tJ,j./ 
Ccmoute stack f1 ow rate o, OSCFH c I o, 'f.l:ns- 'q;J?OI 
o~x- ~_;a_n~~~ _ ---·- ------ - f--- - . -- -- DSCFIL_. -·0· f-00 .. - . ---- /S"k.- i t~E I I Actual Vs X ~ X 60 ACFH I - . 175'" !"/ 7G I I 
Load EP.t.-5 (revised} side 2 

I 
' I - ' I 

Store variables •ws I STO 5 I ! t).t:J(I ,o. ()(7' 
tm(std) - --I I STO 7 

I lzi.o/1 • 36-!Y.! 
1•./0SCF I I STO 8 I - I .- I 

Staci:; temDerature • s I Dog F ENTER I I i N, .2.. I ItO.( I 
Sampiing time ' I min ENTER I II ~5'" I 6C? I 
Stack 9as velocity v s I ft/SI!C A I 0·871 : 11. \"'{ i 
Abs. stack gas pressure s I In. Hg ENTER I /.u.;>J, J 'J..I?,)I 
Nozz i e area ' 

"" 
' ft2 ., 

hu-lf 1-?.rc, £-j I 
' Percen~ lsokinetic 

1 •• , •. ,. I R/S I :! 1'-lll./ I I! O'f. I 
Comoute- mass lo;ading j concentration I ""'T{:~e~,. i s I c~ s .. 1f./7E-fJ I:.JS3E"'[ 

I I I 

<0.0~/')..i 
E:r.ission Rate {1bs/hr) ' lis ' 

I ().07141 ' (~<:~0::\.1\ ' 11 ":i .fr';O::f'": \ 's ' ' ?o i 1 utan::: 

C:atc Reouc':ion By: (Ini::iaisl 
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. : GZVrt&:.:.C -
llm'IWCTICIIS I ( DATA) 

I 
lAM El',_S (,.,...!sod) Sic!< 1 

Stm't war1&b1es . 

lilie'tlf' V"O 1 uae • 
hf"CCIIlll''tr1 c: ~'"""" bor I 
Pressure diff. Oft Df"if1ee .II< I 
Mltef'tallli:le"ture •• 
Mete~"' c:.a ltbra't1on fae'CI:If' 

I 

Volua llllliUf" in 1s. I '"" 
Vol\lllili! Ullter 1n s11 ·gel 'wsg 

Paf't1culate c:ollKted ..+:'~ !,.. .... 
t..clii.WJ:U YC hme lillili!Uf" Standaif"CC 

~ mlUIIIIII' lll!ltef" sund.BN 

t..craout.e pef"Ceftt 1111)1$t.Ln"'e 

c.crm:.uu III&SS loading ...f:c..C--/(1__1/' ccncettra 't1 en 

+",_lb.-_ I c:onc:entnt:1Cifl 

s taek 'tl!iiiiiiiDe'M 'QIT't I ls AVG 

Ave.f'llge nloc1ty haaa I'7:T 

Pilot tube ca11Drat1an I ~ 

AbSo \UU $QCI: P'f"'E:SSUI"e P, 

Dry aolecular weigrtt. ... 
Mole fnct1Dn ·K.o I a,.. 

CmiDu'te •e 1 oc:1 ty . ' 
Stack &1"1!1 ... A I 
c:.a.nsu suck f'l ow ra u I Q, 

Drys ......... I 
A:;tu.a 1 Ys x A .:x 60 

Lood El'A-S (revise<!) sic!< 2 

Stof"e val"iaDles, 1 a... 
I 'o(std) 

lb./DSI:f I 
s tact. tllillilDef"' 'WI'"t 's I 
Sasm 11 ng tiae • . 
Staek gas weloe1ty I v, I 
Am.. S't&Ci. !ji&S 17"'!SSU'l"'e 's I 
Manle a1"i!!i A, I 
Percent Isot1net1c I 
~uu EllilSS loaa1n9 ccmcwntnt10f'i I 
Emu .s 1 c:m R.a te (1 bs 1m-) I Q, lf'lle~t:'lll 

I Pol1utaHt: 

LOCATION• . 5c.c 

( W'Sl 

I 
ttl I EliTEII 

ln. 119 I EliTEII 

ln. K. 0 EliTEII 

Do')F A 

I EJIT£II 

•1 I EIIT!Jt 

9'1 I EliTEII 

og I R!S 

B 

R!S 

R!S 

9"1!l!SCl'/;.., R!S 

lb./liSI:l'L"' R!S . / 

Do')F S'IC 2 

S'IC 3 

S'IC • 

In. Hg . STtt s 
S'IC~ 

s:ro .7· 

F!'S ·B 

tt<. S'IC 9 

DSC!'II t 

DStl'>1 Q + 60 

AC'I< 

I S'IC 5 

I S'IC 7 

I S'IC 8 

Do')F I EliTEII 

.... I EliTEII 

,.,. ... I A 

1•. 119 I EJIT£II ... I I 
il /A +-1 R!S 

' I I 

X c, 'J 1':5 CIJSC!' 

i.J I' (__ ! 
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v~ 'Z: . . 
(D!SI'I.AT) I p,., t; 

1WN •: 19-0t-7U"'i 
fie~~ 

MTE' l//7/ /,Rf" '*--7 
TTMC' ! 7/tJ to ;;'*';; I 

'-(]. '11!' 
lu. 2( 

,;;..,CJ 
v, 7$.0 

CJ,f f'fl I 
1..(, ,- I 
.A .8 I 

' I I 
'•lstrt) i..f:l..J.. 7 
'clstrtl ltJ.GJ-7 I 
a,.. lfl. otr-1 

C' ' • fl.N E- I' I 
c, ,_ -U£.·"<:1 

It~. c, I 
l&' • ..:<rl 
() .. f'l 
2?.22 

?IJ-'12. I I 
ID·at?l 

'~'s Ani l/7-'1£ 
{).?-(I 

Q, 17/L,I 

/?.;--

I ?..2.o 

io.owl I 
I l.f..< .• 27/ I 

I I 
II). G I I 
t;o I I 

i7. l.fC I I 
27' . .221 I 
17-ft E·<1i I 

~~ I ;;" < I I 
c:·s· I 'f. zu::-t. I I 

/o.og#l I 
lo.oo~ I 

' 

" v 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i 
I 
' 
I 
I 
I 
I 
I 
I 
l 
I 

I 
I 
I 



r-

PLANT f1 OthVD 
DATE t/A,V ~;t 2,., a,;.s
SAMPLING LOCATION 'wO • Sc..qv.s. Ovr 
SAMPLE TYPE M ooteM.D EPI! £ 
RUN NUMBER 3.. - PA!Iu - CJvr 
OPERATOR (1/qf.:·,~e. 
AMBIENT TEMPERATURE ._ . .._ _, r 
BAROMETRIC PRESSURE '2. q. ::.0 " 11 

STATIC PRESSURE, IP I f,4:Z...j' 1 '1/.P· 
FILTER NUMBER lsi 5 7 :'5( ' 

EPAMl 
FIELD D.AIA 

5cfiV88Eil.. 0vTL6/ 

WAST~' - ..L 
I /.i.I!!J. t!. • · • x:np 
F 1i. fi. Q R tJ.i[E - .,.--.-

t :J4--' ~ ".. :s-
' 

F/11.., ~· 5r,fUr r~:~~ 
b..- • 

PROBE LENGTH AND TYPE .2- FJ: .. 5'. S. 
NOZZLE I. D. • bf>Z: ·• 3 I 4 .. 

r 

ASSUMED MOISTURE,S >'ATvA111EIJ E>ur "'t/rr. Et.. 
SAMPLE BOX NUMBER .:5 
METER BOX NUMBER B;=;S'~C.~-::;2.;-.------------
METER t.\ H@ I I '1 () 
K FACTOR ~H;-:'.fJ~B:-':5'::---5'-=-:E E-::--g,-;;~-::L-:-o-----
PRE-TESTLEAK CHECK RATE .00 I CFM!.t.i£' 1Hg 
POSTTESTLEAK CHECK RATE • (.?a> I CFM 8 .,c;_ nHg 
REFERENCE t.\p oe I .:;. <\ II tU Csu Suo,_) 

PilOT TUBE No. & Cp. Av,vv/JAB .f. 
,."p'' IYI'E SCHEMATICOFTRAVERSEPOINTLAYOUT 

{faM<M4' (}J • C( 'ftr I s I I 
L. ___ l 

READ AND RECORD ALL DATA'EVERY MINUTES ~-----1 

tf'!f ORIFIC£~RESSURE DRY GAS METER 2'18 L j ~~f •· 
"' POINT NUMBER SAMPliNG 124 hr a.OCKI READING3 ldp I I O I dHI,In. H201 I PER~URE INlET OUnET VACUUM, TEMPERATURE. TEMPERATURE. TEMPERATURE, 
t;J I TRAvtRSE I RAPSED I a.oCK TIME I cAs METER vuoci~·'.AD DIFF£RE. NTIAL ~.~sTACK ~ TEMPERATURE PUMP sAMPLE aox IMPINGER PROBE 

"' TIME.mln · IV l.fl s' 2 i ' ITI,·r~'!J L"f In Hg "F o "f r , 
7~1o:t. ~~.,:: 1"1'' DESIRED iACTUAl ~Ar~IL'fJf. n.1.~"fn .... ~ · ~s/.!t I P ' 

/6 ;yjJ. 5Z!'~ .~6I..J$l:b,s I J.u G~..z l~lp.f!Zf> Li .. zlzt';: _ _ln lt.t2L2_1"2.I.:l.{ 
ls"A0,3ocl.sl2t.1.7[1.ol3.oJ1nd1'151 <1~ 17~ 1:s. <f 1'.2 67 16fl.'13l.2¥6 l~D 

I l5:BY.Bcms:zJ.3/I3.o I3.Dlzooi14Sitob IBU[4.b l1 67-l7zl.lftl239 1~31 
lf8q,'t;>si_._.z3_] .3 6I3.J 13, l IZoOIN5ILOD IBI I q,z._i_g(,L_j 7c2"1...:r£[ 23(E I I 3Z. 
9i4.oWI~~L.11:Z.I~/-LI3'-LIJI'i'lJ~&:~Iiof\IBz 14. 3 l-26-y I til~t.NT.23 7 1.3 LJ 

·[<tB.BBSl.4ri.¥Jz,q l:.t,.fl lizcrol/4</lq,fiBol:t.s-11..6 z. I77J .... ~ll24 o 1 • .zs 
3o -
3_5" 

lbo3.51.it,y71._3SI2/LI2.<tJ2mb!l.'ll'l_'ti8'QL4·6""L:zs'"'Y l781.4'rl Z'-Jlf 1 . .2.9 
~oJ,qA>f_~[2~1Z· 'l l.20111'i'lt qq I K414. 8 L.u-.&J.'2_j_d'6l 2.4 21 .. 2..'1 

_1Q 
4S-

k12.SOO .y'il.3.rt2..9_[~._q li:zo!IJ4j qayi8Lfl5.6l2S Z 17{, l;'iui.Z~B I •2A 
61?1 ? I Sf • 't~l. 3SI,2;cnz:~~-fioiJ JLI~tliBS"f~~.:ZJ :z S 0 T 7_6I:cibi-Z 5-6 I .-zta 

)'I ' G 16Zl.5Zi. . ._L!BI_.3Sj1, ~ 12~CJ liZ02.114j9..9_l&~s-l 7..lf 8 17'/1. 4Cll 2 S:Z. I ,.2B 
-~~;j~ 

L I &o 1'7'/S 
626d15l.Y81.")5I3d 13.1 l20il/iJHqq[~.Q6-.T[.2'-/6 IT71Bd 2.s I I.:Z't 

WX>.'tl~~ IJ; I I WI' A ITesf ·~ 
$5.'72-'2..1 lo.s,~l iv~g kDo.e l1tJ3.vl ")¢J.t; 

/ 



-------- --------·---- __ ..., ____________________ .. ·--" ·-·--- --·· ·----·- ... 

S C-/1 v ppG/?. ti (/.,. t;: r 
CLEAN-UP DATA 

'Plant /11 o VN.D Comments: Tlil..lftu Ct~t:.L.Gcr-.r )IC.R 

Date Ja A! :;_'2.._ . F/8.!> hiVJJ 1/.z.t:J 
Sampling Location 'INcttYE81teJf?. 

Sample Type EPA 5- M t:JLnrtt:.t:) 

Run Number I - PA87 • IOliT 
Sample Box Number £ 5' C. 3 
Clean-up Man ("1-q\c 0 <? 

IMPINGERS 
~ jOO 

u 112 

Total Net Volume in Impingers 2--6 1.(. 7 

SILICA GEL 

Final Weight 

Initial Weight 

Net Weight 

7113,6 
70Z7 
(0·( 

Total Net Weight in Silica Gel --·~{.;,.~_. ,r-r __ -'g'"" 

Total Moisture 2 7 'J. G g"' 

FiLter Number(s) i73 b I (lq:Z.'ZOb1.·1..1) 

MRC 7/73 
B-67 



,----\ ~ 

EPA ME •. J 5 
FIELD DATA 

WAST/!' I' 

T&MP· ' - _k_ 
Euo_RIIrE: .UiQO 

('-

PROBE lENGTH AND TYPE ;2. F7: ., 5'. S. 
NOZZLE I. D •• 3 I 1 
ASSUMED M0:-:'1 s=T~U=RE'!-, 'Jo:--5:-;:::;-A:-:T::-.,-A::-A!-T-=£-:t?:-:C::::-><-/-r /o//j-T. Et.. 
SAMPLE BOX NUMBER 3 
METER BOX NUMBER E;:::;S':;-;C..;;-"~2:;-------
MHER LlH@ (') 
K FACTOR -:fl;-:'fJ'-!-:!B:-:.r::---Y~c E-::--p.:;;;.--=L-:-o-..----
PRE·TESTLEAK CHECK RATE .061 CFMi~"Hg 

Sr-'fdr rE"''- I POSTTESTlEAK CHECK RATE•611 / CFMi _£_ "Hg 
REFERENCE Llp ~e I .;. 41/ 12(: C5'~G l!ct.o ..._.) 

t 
I I 

' I) SE POINTLAYOUT CO:;z=L/-. 2.1 Q ::IS:217/iYJe. -=-Jtt.".EV 
ANNUE>AR. Te.Mp= lBO f READANDRECORDAtlDATAEVERY !5 MINUTES C-0?::..3.5 o:;.JSSI'"li.me- )1/'35" 

tp I . f!';t ORIFIC£ P,RESSURE ' • DRY GAS METER J-A<! :1 2F_ J ~8 :i .. z.;- I 
"' TRAvtRSE ElAPSED Q.OCK TIME GAS METER VELOCI AD DIFfERENTIAL STACK TEMPERATURE PUMP SAMPLE BOX IMPINGER PROBE 
co POINT NUMBER SAMPLING 124 hr a.OCKI READING ldp I~ O . I dHI,I~_. HzOI f:.__· PERA.TUR!E INLET~I•'OU~ VA·CIJ· UM, TEMPERATURE. JERATURE, TEMPERATURE,, TIME. min · IV I, Hl s' · 2 · W'n I, "F~If1' in Hg "F o "f 1' D " m ~T..: I •p'' D~SIRED_liACTUAL AA£.ll'll<f. tt~,/'r n.,..J._ . f'3tl!t.~c r 

SiVIo.\e D I 1 1 r? 163/.0tii.?Y l..ttf 1.2 . .?- I!; . .2-[_mjm_ I~ILI (Jq_j~_.LfL .2.Q.0_-_]6g t1.AI ;L9T'l.10 
Ooin.t !r I I63Y.B1DL.lil.~~l2..2.l12.. :2...TI'l.1.1J3~176 16q 13,41 28.3 _ l6:2l2_t!IZ65"_J,2v 
I to I l638.8o51."35l.l.'fl ~. 1112.£.1l91J~L85Fi22L3:_6 L2 74~T66JZ41Zs0 u1.rc 

oe.nt:.erl 15_1 16~~1.33 L~l.'~l1, 1111-.t llCJJ136L~_I7 Ll2tBJlb'Z.J62JL231 :z_s__( 
SiUJ 3:3 1.3 , I I < 

- 650.37. .33> .2.3 _1.L 1_1., I 
30 I 165¥oEOI.33I.1512,\ l!2.ol llq$ll36l_g__6_L761LJ.:U :z.~-/ ___ I7/J:Z.41 2SD I.~Cj 
~5 I _ _ 165'7, q~s-1 ;32.j .2.312.1 li 2. i IIC\51 tJ.5f 98T:Z81 Lt·.J-1 ~']7_17 LJ21 .Z. q 9 I .1 f) 
40 I I6611SSd,32l •2..312.! 11,2,j II,C!hll:clqq I 791 q.t)T-2115 17'1 12.41 2. !-fen·' C2 
45 I ----1665. 7LJ51.3Z l.lJL2~ I P-.1 I i9bll311 toolaol LJ, 8 I 2 4'2.. 17612 41 Q. 4 q 1.1' 
f'fO I 166q,6~1-321 • .2.3J1,_Lii2· L I L9.6ll3~1/o/18115.() l_2c ... t_2 ... I7Di.2lfl Z s-ol. l < 

_.251 lb'73.itJ5f~321.~ 2.0 l2.0 I/Q6113-lflOTI8zt£.~ I .z_-IrJ 169 I ~1AI2SO 1-1! 
7?Ql/4:55167'7.2Jll I edL!_reht 1 1 I 

~DI~ I I I,.... 
1........- I I 1'-l(,.~I!DI'.U I I~ . =J13Y-~ j}j':J I I I I I -· - -



( 

! I 

5~RvspG~ ~~rt~r 
CLEAN-UP DATA 

'Plant M o vl\1.0 Comments: -ri<-'f/M Ca~~;;cr.r J.IC.R 
Date c.Uuv 2 '2..... /'18s- /fiVb ll.2.tJ 
Sampling Location INc !NE 8/t eJ f?. 
Sample Type ePA s-- /11 t:J.LNF/EL> 

Run Number :l.- PA87 ~ IIOV T 
Sample Box Number · £' .5' C. 

Clean-up Man Mglooe.. 
jOO 

IMPINGERS 

Final Vol. 

Initial Vol. 

Net Vol. 

736.) 'm~ 628-Jjml 
~ft.l.f.-qm'J. h[l{. f? 'ml 

I~/.'5Jml 'J,{,,1Jm* 

Total Net Volume in Impingers 

SILICA GEL 

Final Weight 776. () 
Initial Weight ']73 .. 2, g 

Net Weight ;)l,g 

Total Net Weight in Silica Gel 

Total Moisture 15'4.5 g"' 

FHter Number( s) 1736 4 

MRC 7/73 B-69 

I'H (J,f ,IV P<~ 01/ 

/""" e J'? ,u.;. Y 
Jil3 #4 

50¥.'"ml ~1 ~ml 5ilo ;')zmi' ml . ml 

::?.5 1m$ ml ml 

1'5/, 7 <rm1 
J 

~.g g-_ _.;.;. ____ , -· 



b:l 
I ._, 

0 

DRY MOLECULAR WEIGHT DETERMINATION ~ ~ 

(02. "~ 7-s 
PLANT M~uL!(p . . COMMENTS: 
DATE ~~ ;L 4 /f£I • Lf'-/ ( )+ .3.1.L )+.J.~{ht(o) 
SAMPLING TIME (24-hr CLOCI$) I lOCI f/ /t;f . 
SAMPLING LOCATION xfd;c ./Jn;c .. ..-~ (Jtr< e><orf fCn.-1/. ._ 
SAMPLE TYPE (BAG, INTEG~ TEO, !<!{o~rnf-!.T!!!IN~UO!!!>U""Slt _ _;lc._ ____ -,-__ ~ 
ANALYTICAL METHOD ~1-r~c~!c!<::..t.i.t:.t..::~~=---------'-
AMBIENT TEMPERATURE_·_) "-'_"-{_,Oc._6--11E'-------~-i. 
OPERATOR -.ko""----------------1 

~ s 

C02 

02(NET IS ACTUAL 02 
READING MINUS ACTUAL 
C02 READING) 

C0(NET IS ACTUAL CO 
READING MINUS ACTUAL 
02 READING) 

N2(NET IS 100 MINUS 
ACTUAL CO READING) 

EPA (Our) 230 
4(12 

I 

ACTUAL 
READING 

L(.:J.. 

I'}, z_ 

-· 

2 I 
I 

ACTUAL 
NET I NET 

READING 

'f.:L J.r J '.5--:-

/)i 2_ I>·> ),5:-

I 

--· ·--

3 

ACTUAL 
READING 

--

--

--· 

I 

~ r/A _ . ('; d;_ - 0->% CC' 
~~ cr,r - ;oo .;)~" )1. tf/z..- (% o.z.- osf6'UJ 

'=f:+=f=( I >· J .> 
(· ]_{I{ J( a!tJ.·rl~ - I ,-. J /I(}{) -::: J. ) 7 rt 

AVERAGE MOLECULAR WEIGHT OF 
NET MULTIPLIER STACK GAS (DRY BASIS) 

NET VOLUME Md, lb/lb-mole 

- J.tf5- 44;too I· t( 

- I'.?-- JJ- 32;too Y· f/ 

·- 28;too 
I 

I 
8tJ. f117 28;too :J-::2. b z_ 

I 
I 

TOTAL .2-'(,2} 
l 
I 



'\ 

PLANT Jl1ov/V.lJ 
DATE t/A,V :2..4- • t?t9.s-
SAMPUNG lOCATION \//.o · S cav.e. CJvr 
SAMPLE "NPE McotEI!S.D EP!t £: 
RUN NUMBER 3 - P;turr: - Ovr 
OPERATOR t1 edo,..,e. 
AMBIENT TEMPERATURE 
BAROMETRIC PRESSURE---::2.~":=-+.""TT"" 
STAll C PRESSURE, IP 1...,..."""""'==--.q,;s.:. 
FILTER NUMBER lsi 

5 
- SO 

PITOT TUBE No. B. Cp. A¥VV1Uit. ",£. 

I ' 

,,..--~ 

EPA ME. J 5 
FIELD DATA 

5 cA veoEI?. Ovru::r . 
PROBE lENGTH AND "NPE ,2 E7: . $'. S: i 

. ' 
i 

I( " w,ure - .JL... 
TliMf'· • 
Fua Rue- - . · 

t tfiUP S" 

n """ L 1*- s rlfdr 1 E "";P. 

NOZZLE I. D. I 
ASSUMEDMOISTURE,'llo >ArvAif-T£1? E>or ,lo//j-T. Et:.l 
SAMPLE BOX NUMBER .3 ' 

METER BOX NUMBER -::E'""'S''-'C.:.._-_,· 2..==-------
METER .6H@ t7 
I< FACTOR -H;-:-<:;f:-:9~5"::-_--::5'::-:ti::-:6'::--/f.-;;-~~L~o-.----

PRE-TESHEAK CHECK RATE ,OUl CFM@./,L"Hg 
POST TEST lEAK CHECK RATE, Q)<i? CFM@ .L.i::''Hg 
REFERENCE .6p l'G 

"p '' -r YI'E SCHEMATIC OFTRAVERSEPOINHAYOUT 

READ AND RECORD All DATA EVERY 5 GOz..--
MINUTES I 0 L ~ 

~ I 1 TRAVERSE ElAPSED 
;:: POINT NUMBER! SAMPliNG 

ORIFICE PRESSURE DRY GAS METER 

ClOCK TIME I GAS METER VElOCITY HEAD DIFFERENTIAl fSTACK . . TEMPERATURE PUMP SAMPLE BOX IMPINGER I PROBE +-
124 hr CI.OCKI READ I~ ldp 1 In H o I dHJ.In. H201 PER~URE INLET OUTLET VACUUM, TEMPERATURE, TEMfERATURE. TEMPERATURE, 

TIME. min 

-
· IV m'· fl IJ s · · 2 IT l."tulr~ "F ,., In Hg "F 11- •F "F •· '' · 

u~_l •' p" DES I RED ACTUAL ~"'/ liM f. '•1.'· 'm,.,.'· · mine. P 

68 L7BOI.3tj 1.2.612, B IZ. B lteollltl '7318SI 6_,_2..J_Z6E) . 15'11.7 /l2.6.:lla.Z.3 • 

ID 
1.5 

I/,P.~.l~ti;3BI.2.~1.2-_112.711BIIIIBI8.116':2J_&_'t 1.2?4 lt./1.611247 !.24 
1Q.tt601 .3~1.1.611.6 11.6 IIBYI12.31_8fl6 i:tJ~q I .2. '7 .3 16 j.7ol 243 I .24 • 

2.0 16'11. 7151:'3 IB l.zb 11. ~ I z. b lt65:IJ1.61 qcf I ?6F7. I-I 2.7-01611 a a _2. 71:2. 1~.21 . 
2.5 

_3..Q 
35 
40 
45 

:z 6 s- I· zr, 
~~~~..:.:::..w~...j.!::.!.:::__j.~.w.=~.J...I-=~'---'-=Z=b ~' -U-l. . • '2.4- i. 

l7m.n51;:SBI·2.8IW_L2/7Jlqo!IJ2.1q_bi751BS I ts-_71671----t Z46 1425"": 
7t2.z£d.39 L.2f112.b 12, b l/91.lt34lq71 '7719.Vl 2.YTI_6llid 24 7] . .2~( 
7/h.66ol,39l.28l2.1) 1.2.6 lt031132cnJ_jaJ~2. I 2s- /_]_Qq]~<J124B l..zs:-

50 112tJ1DI.?B 1. 28l2d> 12. 6 I tqrl!3(, I qg I 7 91 q, 7 I J.so· · l?t J, 3D I 2'i8 I , :<.s-: 
JiQ 

1 6o 
l7z5.57DI."J91 ,6BI.Q._6__lz._o_lfi6!137I9_Cl U2Ll1!1D I 2 4-8 17i I I 2'-t 8 1-25"! 
-P-"""'"""'"'~--+"""=+='-'-"+~~L:::t:...j---+-1- I f I I I I 

2.b 3 18}. IlL~_ 
<11·0 



....... -.--.~.---~--~:~-~-.:.-~-~-·or....:.-._· ___ ... -- .. ·-·····- -·- ·--·· .. 

S C-/lvppG,{ tJe-r' ~r 

CLEAN-UP DATA 

~Plant M C2 VN.D Comments: fA"f/IV ct7~~ECTJ' J.IC4' 
Date ,fA A! 23 . /f8.!> · AIV~ #.2.t'J 

. Sampling Location ':r/Vclt.h!58d~f? 
Sample Type EPA 5 - 111 t:JLJ.It'H:L:> 

Run Number 3- PA8T- IOt/T 
Sample Box Number £ 5' C - 3 
Clean-up Man (Y"ffiboe. 

~ J()() ,.,, "'' ,A/ p,. 01-/ 
~U~M V ~ re~~ 

#l #2 #3 #4 #5 

~:::~:~~;,. Hif: ;;:~: :as -x-: x: 
TotalNet--V:olwne..in-Impingers - L83<-6 -- -Jml 

SILICA GEL 

Total Net Weight in Silica Gel _.!..1_."3:..,_ • ..:0:.__-'g"" 

Total Moisture 19 b. 6 g.., 

m«t!..~ 

FiLter Number(s) '77~50 WL?..P62-2. 

MRC 7/73 B-72 



tJj 
I _, 

w 

DRY MOLECULAR WEIGHT DETERMINATION 

PLANT_-f..!.~;.t.;.~LLJU._..::.__L~~!:::'Q. 

DATE ~--

SAMPliNG TIME 24-hr CLOCK) // = lfJ - I / .,).£ 
SAMPLING LOCATION S'c r~Je_.,_ 0 ,_,tj;_,z:_ 

SAMPLE TYPE (BAG, \!!TEGRATED, COtt[INUOUS) ..,----------

ANAlYTICAl METHOD ' F)u,.JI-< c 

AMBIENT TEMPj:RATURE_,.--~ _ _.{w&"--"'--'f:'-------~----
OPERATOR _L j¢1 , k-0 _, 

~ s 
COz 

Oz!NET IS ACTUAL Oz 
READING MINUS ACTUAl 
COz READING) 

CO(NET IS ACTUAl CO 
READING MINUS ACTUAL 
Oz READING) 

N2 (NET IS 100 MINUS 

ACTUAl CO READING) 

EPA (llur) 230 
4/72 

ACTUAL 
READING 

I' 2 

ACTUAL ACTUAl 
NET 

READING 
NET 

READING 

l.f.) 4·5 

,r,.r f(.tJ 

- -

COMMENTS: 

'f<>-,1'/.._ f,.,t{-. h ;r:;..,_ p/.//• /-' ""-<--

3 AVERAGE MOLECULAR WEIGHT OF 
NET MULTIPLIER STACK GAS (DRY BASIS) 

NET VOLUME Md, lb/lb-mole 

- 4·> 44/100 ;. '1 JP 

{(.,2.5- 32/100 ~,')_0 

28;100 

7r.J-5- 28;mo J.J .If 

TOTAL }!- J7 



("\ 

PLANT '!3: o v ,v .D 
DATEA,v :i{ft a.;s
sAMPLING LOCATION \viJ • S CIW8. Ovr 

SAMPLE TYPE Mo:'2~ EPit f RUN NUMBER[fl - r. - Ov 
OPERATOR · I ___ _ 

/- .... 

EPA ME. J 5 
FIELD DATA 

5cfiVBBEI?. Ovru:r 
II •r 

WAST~ - .JL_ 
TEMP· • _ 
FEGO RI!\TE' - .,..,....:._ 

AMBIENT TEMPERATURE ~2 "i t BAROMETRIC PRESSURE 2 3" i IY.II ~ 
STATIC PRESSURE, IP 

5
1 + :£ Co i"/4w I ~ srAUr ft:,.,_,.. 

FILTER NUMBER lsi 47348 ~: 

~-, 

!' 

PROBE LENGTH AND TYPE :Z F7: .. S'. S. 
NOZZLE I. D. .314-
ASSUMEO M0:-:-1 S::T~U:".RE:-", .,':-"-;::£::-A::T::-v-A7A<-T-::E:-:12:-;E;::-:k-/-,_ ,A?/s-r. Et. 
SAMPLE BOX NUMBER 3 
METER BOX NUMBER E:;=;_S'=>;C.;:;---;:::z.~------... 
METER L.\H@ • tJ 
K FACTOR :-:H;-:'1'':!---::$:-:y=---5'=£~E:--~r;·-:::L--:-o-....----
PRE-TESTLEAK CHECK RATE ,OQI CFM@ 12 "Hg 
POSTTESTLEAK CHECK RATE CFMft_"Hg 
REFERENCE L.\p " ~~: U.c>L.-) . PITOT TUBE No. & Cp. Av,vviJAil. 'l • .. 

''p'' ryi'E SCHEMATICOFTR4VERSEPOINTLAVOUT 

READ AND RECORD All DATA EVERY 0 MINUTES 

14:35 /If: 
6.0% 

Jb.2%_ 
ORIFICE ~RES SURE DRY GAS METER 

DIFfERENTIAl STACK TEMPERATURE PUMP SAMPLE BOX IMPINGER PROBE til I TRAVERSE I nAPSED I a.oCK nME I GAS METER vnocnv HEAD !, SAMPLING READING t <1HI.III. H201 T£MPERATURE INLET OU~ VACUUM, T£MPERATURE, T£MPERATURE. T£MPERATURE, ,. POINT NUMBER TIM£, min 124 hr. O.OCkl tV l,ltl t<1psl,ln. H20 · , ,tn I, "Fu.vr "I In 11g "F tL o "F ,, •; m ~r.;: ep'' DESIRED ACTUAL AA/ l'ti.f. .... '· .... '· . s .t' p '# In out t 'c --- --

Sf""''~ 0 f4;o3- •73o:ts5 .40 .~9 J,.b J-...6 !.ZOE i /' '11 "13 3.8 :Z'?Cf !7'7 lt33 281 .27 
ootl'\t, 5 7.34.520 .40 .:zq ~.6 1..6 :2.08 I• q~ 93 ~.o ZBO 73 .32 :<70 .26 

10 7&3.elf...'i .40 ,;z.,q 1...6 ~.6 f).oe ,J4 103 q3 4.0 2..'78 76 .32 2bl 2.6 
ce.n-!:er 15 17'11.105 .41 .29 :Z.b ~.6 we /42. 103 q3 4. :z. 2.72. 80 .32 :2.55 • '2 7 
of Stz:oc.k. 20 !7+7.6~0 ,•ID .J.S , 5 .2,5" 'or. i /42. 103 C!3 l},l, .(,t;4_ 8"/ .32 .2.52.. ·27 

.:Z5 rs2 .ns:~ }f0 ,,:ZB ,A. .5 2:.5 :ZQE il41 /04 93 4.9 258 81 .3~ 250 .2. 6 
30 56..6.\0 .40 .J..8 ;2..3 :2.3 :ZOB 1143 10:2. 93 so :Z53 eo ,32 248 • :2.6 
'35 760.85~ • Lj() .2.8 .:2.3 ;;{,3 1.:209 I<~ IOO 93 5, I 248 81 ,32 ..Z4B .26 
40 176'!.820 1.4D .2.8 :<.3 2.3 .RCB flf) 9'1 C,3 E.:Z 2. 4 if_ iBI .3:2 249 :Ri, 
45 l768.ql0 .40 ,.2.B 2.5 J..S .zoq l/42 q9 91. {:,, 0 :J. L; s 80 .o2 248. .26 
50 17'73 1?5 .)j .1fl 2.5 :J.,5 :W9 /41 qa 91. 6 ~ ~lq. 2.11 80 .-~2_ ;248 .::(6 
55 1'77. SB.'l 3'f .27 2.4 ;2.,4 52.08 11 0 97 91 6. J.._ 24~ -- _81 .32 2±8 .26 
60 1!31. 8b2 8.llJD OF'1 'E:~T ~ 

I I lz-r-1"11 j,GJ!I 12-~ boz.}ll4f·l hb.H I I I I __ 



IJj 
I __, 

t.n 

DRY MOLECULAR WEIGHT DETERMINATION 

PlANT /l1 t:? e, ,,__, 0 

DATE tJAtV 2- 4' I I fH~ 
SAMPliNG TIME (24-hr ClOCK) L'f ? >" - I !f JF 
SAMPLING LOCATION S c c~-1!_2_~,~- cJv-;("_7;,-;F-
SAMPLE TYPE (BAG, INTEGRATED, CONTINUOUS)----------

ANALYTICAL METHOD ;:; k tr / I<-
AMBIENT TEMPERATURE_-_:-:_----t'-<;(.:o_:1_t7L--------~---

OPERATOR-'-''~------------------

I~ s 
C02 

02(NET IS ACTUAL Oz 

READING MINUS ACTUAL 
COz READING) 

CO(NET IS ACTUAL CO 
READING MINUS ACTUAL 
Oz READING) 

N2(NET IS 100 MINUS 

ACTUAL CO READING) 

EPA (Our) 230 
4/12 

ACTUAL 
READING 

I 2 

ACTUAL ACTUAL NET 
READING 

NET 
READING 

G',o ~5-

It&, s- ;tR 

COMMENTS: 

3 AVERAGE 
NET 

NET VOLUME 

- 7.5-7· 

;&.65-

-

7 7- 6tJ 

MOLECULAR WEIGHT OF 
MULTIPLIER STACK GAS (DRY BASIS) 

Md, lb/lb-molo 

44;100 ;2-? 3 

32/100 >I J3 

28/100 

I 

28/100 

TOTAL :J '(, ?( 



5~Rvpps~ O~rt~r 

CLEAN-UP DATA 

'Plant M o vND Comments: lA.ftV CD~"Gcr.r JIC.f 
Date ciA II/ .z 1 ,. I rR s- AM~ 1/.z. t') 
Sampling Location INctNE8~i:!J?. 
Sample Type EPA 5"- M t7.LUt="/e./:> 

Run Number If - PA 8 r - 10 {/ T 
Sample Box Number £ .5' C. 
Clean-up Man~f1~9~t~o~o~e ___________ _ 

''" 0·1 ,v ;V~ 0/1 
IMPINGERS ,["" e,..,,~ly 

13 #4 #5 

Total Net Volume in Impingers '2.. 7 D. 0 "mJ 
·--.- ----./-

Total Net Weight in Silica Gel /?.'i £8 74 q g111 

Total Moisture 18 7. q g.., 

Fil.ter Number(s) l.f?34f3 

MRC 7/73 B-76 



~-··•'-'"' ~ NOMOGRl'.?H lHP-65) 

OU'l'?UT 

-·- INSTRUCTIONS - . ,.._,.. ' -. . DATA/UN"~s . . 
l Run card 

-
2 Initialize progra:n 

c 0.00 
Enter average T {mete~ I I 
tempJ "'.f rn 

fO "f I R/S 

2 
•c meter 

I T 

.... 

"' 

I 

I 
te.."np. unknown, use ambient: 

I 

I 

I + 20°:' 

I 

' 

! 
En~e: ?bar {Barometric ' 

;J. f, Lj I 
R/S 

'!'::!/Pm 

~ pressure a~ meter) 
In !ig I 

I 

i 

i 

I 
En~er P lstat~c J:essure 

I ST0.2 

I 
5 in stac~) [?b + • o'13x 

r..rz 
ar-

2 r. In H~ 

stack gauge press e in 

i 

In. Haol ·f- JZ' 
I 
I .. ,,,. 

' ,) . 
6 Enter average T ,_ 

200 OT STO 3 

(stack ternperatike) 9-f 
lli!d - ;>.z_o I I Enter B (mole !:ract.ion 

Fraction I 
; 

I cf (Hao'fSvapor in gas {UJ oo 1VO Of H~c:> STO 4 

stream) 

~~ [o f 4, /f»,. ~I 
l I 

i E~:er Me imole~~lar weigh~ 

I '-/ lbs/lb l STO 5 

i 
I a 

I of dry gas) 
}- 9 r mole 

i 

i I 

i 

i 
I i En'C.er C (type "S" pi ':Ot: 

I (),~r ISTO 6 

- ' "ube co€fficient) 
I 

.. 
i E:n1::er average tJ 

,:>) ln. H:;oO STO ~ 

.;..'.· 

' 

p i Enter ~H@ (Calibrated 

'{tJ 
" I 

I . 8 

--
I 

pressure differential 
In. H20 STC 

I 

across ori.:ice) 

I I 

' 

I 

I D t-1'-.eo. .2lf I 
:..: I "A" 

I 
;. (Roz::le C.ia-l 

I 

in i:'l:c~es) I 

i 

LL --I -- i E:n t.e~ act:ual ;;, q<t'-1~ 

1 I'( In. I STO 9 
I i 

n 
0. 

,. ! 
I < I" 

I' f"' ' •. 
I 

I -~ ! "B" 

lfJ,i.f it!' t., q, <{ { ;?, if;?.>!l j( ::ac-:.o::-
I 

-
I 

C/' " . /2_%;! ~-1]3 i?C· 1 .r \ I 
Molec...::.lar Weight

1 

of 
v 

0. :A 
,.D .. -

i"'S--
::os/1:0 moles 

stack gas (M ) 

I 
s 

( 9 • p7:J ,, .... 

· ..... - -----~ ·-~-- B-7 7 



1 

PLANT fo'lov,v.D 
DATE tiA,V k\9 • l?t9.s-' 
SAMPLING LOCATION y,jn • ScAv8. Our 
SAMPLE lYPE M COJD6.D EPit £: 
RUN NUMBER S - - CJv 
OPERATOR o' e. 
AMBIENT TEMPERATURE -...,&;=;,.,......:.f"-n-
BAROMETRIC PRESSURE ,q " 
STATIc PRESSURE, IP I 1

' 11 (. 

-~ 

EPA fl. IOD 5 
FIELD DATA 

ScliVBDE!?. Ovn.er .. 
" ,, PROBE LENGTH AND lYPE ..2 n: S". S: 

WAST/; - JL.. NOZZLE I. D. ..3/ 9: 
TEMP·· • _ ASSUMED MO::-tS=T:':U::RE~ • .,_:-'-?s;:-:A:-::T:-u-A7#-U-::·; -:12::-;£;=:-x-,-r ,tfl/s-;r. E. 
FEEO flit TG • .,---:.._ SAMPLE BOX NUMBER =~3::--:::;-------

METER BOX NUMBER ~E:""S''-'C.:::._-_,..Z:::::.... ____ _ 
METER .1H@ /, 'ftJ 
K FACTOR ~H;-:'I'~R'-=.r=----5'-:::.:-:6 £""7""-p.-;:;.--t.-.,-.----
PRE-TESTLEAK CHECK RATE ,oor CFM@~"Hg ~ ""' s-t 

b..,..f . REFERENCE .1p u ct.o .....-) 
f:'/11~ I ~ Srlli/r•. 1E~~t~ I POSTTESTLEAK CHECK RAfE,OcJ/ CFM@+-"Hg 

SCHEMATIC OF TRAVERSE', POINT LAYOUT II: IO / :S ~ 
READ AND RECORD •ALL DATA EVERY 5 Ml NUTES % 

~~,\~\~~~~~ ~~p. ~;;~:;( 'l 
"p'' TYPE 

ORIFict PRESSURE DRY GAS METER TAAVI:RSE ELAPSED Q.OCK TIM£ GAS METER VELOCITY lt:AD OI~RENYIAL TACK TEMPERATURE PUMP SAMPLE BOX PROBE POINT NUMBER SAMPLING 124 hr Q.OCKJ READING3 ldp I In H O I 4Hi.ln. H..OI PERATURE INLET OUTLET VACUUM, TEMPERATURE. TEMPERATURE, IJ:l TIM£. min · IV ml,ll • f £;~ · z- IT 11, "fNAif 11 1 \ 11 t."F ln. Hg "f "J: I nh ~ DESIReD • • • • • .....,J II" ..7 In out 00 

7'P.YI~rl l.iJ I 119b.l3§1.1QI~).3J 3, 4! 13.4 117 61115186 I60TI :2J ED671.57f2_31_1.28 r,:;t-sf.octd2oT-- -feoi.OIOI·1b l.31l3,.5ll3~.5_ll7~111Q l qQI6215,_8_l2_5_0_ l68l-5.sL.Z1L1 .2.._8 
~si -~os.qs~Vnl.3sl3.rJI3,61'a61'opt.zl691?2,11.zt~ -163\;~42.1~.2.9 '30 BfO,DI .LIB .35 ~.fi_ 3~6 1B3 119_ <t2 'LL 6_._5 _.6 4~~ 6Cj ::ifi:2'f4 .3'0 s s~ 40 24A .:<e 45 I l825.q~~.-46l.3413.-5 135 llf3f:J12BI~I7617. B 12 48 1'7/1~371 2 50 l • .z9 
5D I IB30.9J.TI.1bl~3ii3..5J3.siJ3DIIJDJq'717£31B.I 124 7 I7-Zd.'371 .:250 1-:<'1 /).51 B35:81DI Ahl .. '3313.1d~_._i_I19JJL3t2J3_,~>17915.5 LJ-47 173\.361251 1. ~ 6 0 I 1H_o.lli 

--'-
I~ 7. '('(.?.... 

~ ..• ~i<.£76'1_ 1·;,...:~__ II~LJ~to j_ Ill:_~ _ - __._ ,'-(6 
- -J._ 



S C..ifvpp.SI( tJt~r l. E"r 
CLEAN-UP DATA 

,Plant M o vN.D Coll!lllents: 7/tt"' 1-v Cue.&. G e. r .r II C.R 
Date Jew :<. "1 I I reS' s
Sampling Location I;vctNE8JteJif. 
Sample Type E P ~ 5"- M ~.O.IF/EL) 
Run Number Ji=- PA If T • 110 l/ T *':S 
Sample Box Number £ 5' C. 

.1} IV IJ ;t/.z. t:J . 

IMPINGERS 
"" t 0 • I ,A/ JVq (j II 

r f!!""I'"Y 
13 1114 . 

Total Net Volume in Impingers / '7B, 6 qm1 
./ 

Total Net Weight in Silica Gel --t-f.._{:...l(,"-, .:::..0_----'g..., 

Total Moisture I 7 c;; 'J g"' 

FUter Nwnber(s) 47344 

MRC 7/73 
B-79 

MRC ;~: 

/Cf210!l- 'l 

#5 



ttl 
I 

"' 0 

DRY MOLECULAR WEIGHT DETERMINATION 

PLAIIT M "'' ,v p COMMENTS: 
D·TE I ' .-, ,, II' .. ,- -" I, I, IV --· T .t 'L 
SAMPLING TIME (24-111 CLOCK} II I{_') ·- i I ;,;;;_ 
SAMPLING LOCATION S'c-.•. ' j;{J- /?u .<Z:., >'-- ' f-.-" t) /Jt:. t!:?&, 
SAMPLE TYPE (BAG,Iff!~!!!l!~. J;ONTINU9US) ---------' 
ANALYTICAL METHOD t·· v !-·! L< 
AMBIENT TEMPERATURE 1.-

7 
-? [ "" C· 

OPERATOR c: /J 
~~~-------------------------~-----

~ . 
COz 

OztNET IS ACTUAL Oz 
READING MINUS ACTUAL 
COz READING) 

COtNET IS ACTUAL CD 
READING MINUS ACTUAL 
Oz READING) 

Nz (NET IS 100 MINUS 
ACTUAL CD READING) 

EPA (Dur! 230 
4172 

I 

ACTUAL 
READING 

2 ' 

ACTUAL : ACTUAL NET NET READING • READING 

LpO 4,$- : 

/7,7 /?, 7 

; 
·~~ 

'. 
(' 

3 

NET 

'. 

i\ 

AVERAGE 
NET ', 

VOLUME;; 

l.-t. ;?. ~ 

( ;, r;, 

''· 78' /5.c;. 

'i 

MOLECULAR lElGHT OF 
MULTIPLIER STACK GAS (DRY BASIS) 

' 1\1• lbllb-~Dole 

44/IOO /, // 7 

3Z;ull t;, b ) 

21/100 

21/100 ? .. /. 6'5' 

TOTAL 7 7. )£' 



ti1 
I 

co ,_. 

EPA I· iOD 5 
FIElD DATA 

OvTt.er 
PLANT /11 Ov A/..D 
DATE t!Ay 2."1 • [fg_s-

Sc!ii/BIJEI< 
PROBE lENGTH AND TYPE :Z rt S. S. ,, I( 

WAST£ - .J2_ 
SAMPUNG LOCATION W · S Cflv8. tJvr 
SAMPLE 1YPE M eo1E16.D EP(t :E 
RUN NUMBER 6 - P-18 r; - CJ v r 

TEMP· · 
Euo BI!TI£ - . · 

NOZZlE I. D. --"'•-==3'-'/'-1J-::::----
ASSUMEOMOISTURE,'l(. $ATvAttrct? E>or /o/tF;r. ~ 
SAMPLE BOX NUMBER 3 
METER BOX NUMBER E;::;S'~C.::;--'"-;:2:;-------

OPERATOR (Y}q/on'k 
AMBIENT TEMPERATURE ~~ "~ 
llAROMETRI C PRESSUREo 4 I '' 

METER t1H@ • tJ 
K FACTOR -H-;-:L:fl;-8~F=----:.Y::-c-E-:---:g.:;-4-t.-o-..----

STATIC PRESSURE, IP I 1
' CJ 

FILTER NUMBER lsi 5 4735! 

t e",Jj s-

F/11~ L IJE:- Srtldr 1£t~~A 
PRE-TESHEAK CHECK RATE -00/ CFM®@.."Hg 
POST TEST LEAK CHECK RATE • ,.Ji1 I CFM@ /1L "Hg 
REFERENCE Lip F .:::. Ui 6 t.o ~) 

\/.J..:Z 
SCHEMATIC OF TRAVERSE POINT lAYOUT 

PITOT TUBE No. & Cp. 8vvviJA8. '£ 
''fJ" IYI'£ 

READ AND RECORD All DATA EVERY 5 MINUTES 
C. 0 z. Lf ,S% Lf •. 5 
D2.._r_1 6.sz,r--t_s-. :2 

I RilniP 

ORIFICE PRESSURE DRY GAS METER 
TRAVERSE I EI.APS£0 I CLOCK TIME I GAS MEliR VELOCITY HI:AD Dlff{RENTIAL STACK TEMPERATURE PUMP 

POII'!TNUMDER SAMPLING 124 hr O.OCKI READING ldp I in H o I dHI,In. HzOI TEMPERATURE INLET OU~ VACUUM, 
TIM£. min • IV I, 113 s' · l IT I, "FM~rp .. In Hg 

m II• .. I£?~ DESIRED ACTUAL o 5 ,,.. •f. ~m 1• '"• \ . 
4~- .!F.____ __ _ __ r"IIAT nlr . In out 

SAMPLE BOX IIMPINGER PROBE 
TEMPERATURE. TEMPERATURE. TEMPERATURE. 

"" ·~t~ "F I " P ' 

I Li: :Z.41841.JIItl. bBI.49 I q, 'l I i4?zLmil L10LJ121J 9 1 L4.CJ :<..52 I7ZI.s-41 g60 1.44 0 

• f l~t~m~%~:4;14:31~:~ 11~14~H~~I~S1i:~ 5 2 59 17 ~.5'1,..25 71Aj 
2_li_g ? 0 ,53 2. 5 I v46 

.. .point: 
/0 

IC.ml::er !858, '18§[. b71.18JjL_l_l4..1i. I~IHZ I L!.22Jq 4: 15_, <"!. 2s a LZ.ii.&JI .2 4" 7 .. IS 
.2.55181l.53lb<tt 1.44 of 3{-qcit, 20 B6o.s5d .b? 1.¥5 14.'3 14.3 l;<o31/4lJJQ_.zJq41 G• 2-. 

zs 1 ·ls&g.qd.67l/1914.5 14-.5120~/lf.?J ~ool9f 17.-o ..Z5a.J8:;(.1.531 2. 4 7 1.1:: 
"30 I ~75.Z9d.b?l.4ql4.514.51.2031143l qcJ11t:,l7.8 2.!J:3.. 1831.54124 B I. 'f.!:; 
35 I t'i ,--q l881.ol~ I £~l/ <9-A Teoh .. I Jt,;.,.d B//.w c&,e~._.lf'- k>c.o 4-

~~ . I I 1-/,.-J/ .. ..- I t.A!.d /JooAv/ l Aj/c.k/, 
~ 

-~I I I I I I I I I' I v I ' 

${) 

~ 
.££i 

\ 

39 .30f.1 11. ·w 14. LJ hr;l..;1hl.\\·'\ lqe ,'1 .s_7 



c S C./lvspG..{ tJ"r l t:r 
CLEAN-UP DATA 

,Plant M o vN.D Comments: lA -f /V Ct~ ~t.. EC.T .r JIC.f 
Date JA A/ 2 '?. /'18> 
Sampling Location '.J: Nct&EI?At::Jf?. 

Sample Type EPA 5"- /Z1 tJL).~r~/eL> 
Run Number 6- PAJfT- IOVT 
Sample Box Number £' .5' C. 
Clean-up Man dltifav. e;,__·. 

IMPINGERS 

Final Vol. 759.a'm~ 64:Z.5Jmi 
Initial Vol. 603.P;qmi .:>-'7.3,2.;lml 

Net Vol. J.j{O Jml ~f.,Jtjm~ 

.11- ,v" 11.:~. t' . 

Total Net Volume in Impingers ~2~~~'r~7~·"b~---~~'m1 

SILICA GEL 

Final Weight 7 6 :Z .3 
Initial Weight 716. i 
Net Weight 

Total Net Weight in Silica Gel _/'-""'---· ..:..f::.fl __ -""'g..., 

Total Moisture . 2-.? & • tJ g"' 

Fil.ter Number(s) 47::5.5! N22062-3 

MRC 7/73 

B-82 



tJj 
I 

00 
w 

DRY MOLECULAR WEIGHT DETERMINATION 

PlANT IV/ C'c '"-' V2 - COMMENTS: 

om 6-ltfh< 2f;. If£) . 
SAMPLING TIME (24-hr CLOCK) /.:t. ? ,{ - i£ 2 . .?, 
sAMPliNG LOCATioN <;c •. ,, M ~··-- C?cJ?; t - '-'-" o-- iiL t'u . 

-
SAMPlE TYPE (BAG, INTEGf!AT!I!, CONTINIJOUS) ----------

ANAlYTICAl METHOD E k ?'; i__ -< 
AMBIENT TEMPERATURE 

7 
'f',2 ° r 

OPERATOR~C""Lo;:,)-=-----------------

~ s 

COz 

02(NET IS ACTUAl Oz 

READING MINUS ACTUAL 
COz READING) 

C0(NET IS ACTUAL CO 
READING MINUS ACTUAL 
Oz READING) 

N2(NET IS 100 MINUS 

ACTUAl CO READING) 

EPA (Our) 230 
4(12 

ACTUAL 
READING 

I 2 

ACTUAL ACTUAL 
NET 

READING 
NET 

READING 

4. s- lf,s-

!6·~ }),2_ 

3 

NET 

AVERAGE 
NET 

VOLUME 

L/ ,s-

1>.8~-

Jf,?r 

MOLECULAR WEIGHT OF 
MULTIPLIER STACK GAS (DRY BASIS) 

Md, lb/lb·mole 

44;100 ;, r J? 

32/100 r;,o 7 

28;100 

28;mo /-)I 5 (/ 

TOTAL ') 9, ?5-



I 
I 
I 

I 

i 
I 
' I 
I 

! 
r 
I 
I 
I 
I 

i 

I 
I 

I 
i 
I 

E?A METHOD 5 NOMOGRP.PH (H?-65) 

USED ON RUN NO. '-.(;~~--2.::.__._..::7' ___ _ 

CALCULATOR:...!..~,;_----------
'I/; OUJ;> 

% '-r o~:><l~l'-
. I 

S;..M?!.ING LOCATION)" C/11 ~ € ,q ctr.' 
( 5 ktl,;--c 

-·-
l 

" • 

-

' " 

I 
-

6 

; I 
! 

... 

i 0 I 
' ! , 
; 

. - I -'-· 
I 
I 

" I --
I 
! , - I 
! 
i 

I 
! -- I 

I 

11 ,_.,.,..._) 
. --INSTRUCT~ONS -· - 1 --

KEYS 
Run card 

Initialize program c 

I Enter averaoe T (mete::-
te:.pJ o-r· m 

If f'o 
0f I R/S me't.er 

t 

. 

temp. unknown, use ambient .. 20°:' 

En:.er ?. (Barometric oar pressure a"t meter) 

Enter ? (static ~essure 
in stac~) [?b + • O"l3x ar-stack gauge pressu e in 
In. H.,O) 

Enter avera9e T 
(stack s. ) "-f temperature 

Eriter B (iale ~rac~ion 
ot m.,oiJ'Svapor in gas 
stream) 

.. 
=-..,•e..- M _4 ... - ··c. (:noleC"'.llar wei;h-: 
of dry gas) 

E:r:.e::- - (tv·::;e nsn pi tot ~ 

tube co€££i~ient) 

Enter average jp 

E:r:er tHa (Calibratecl 
pressure~Cifferential 
across ori:ice) 

""" .-. 

Ent.e!" actual ;:; 
n 

"B" 

"D" - Molecular Weight. of 
stack gas (M l 

s 

.).f, ]' 7rn,Hg 

I 

2 '1, 77In.Hg 

I 12 ?J 0-f 

I Fraction 
,06 of H.,o 

/2 
... '""~ 

. . 

I lbs/l:O f, mole 

i 

I (}_ rr I 

' /0 !n. H20 

lr fo In. H20 

. )P2 !::. • 

B-84 

... -------- ------·--- .... --------·-----·· ·-- -·-· ---- ----- ---. 

i 
' r 
I 

R/S I 
I 

I 
I STO 2 

I 
I 
' 

I STO 3 

I STO 4 

I 

isTo 5 

i 
i I STO 6 
I 

I STO 7 

S'!'O 8 

I 
I 

I 
A 

STO 9 

I 
I 

D 

. 

' 
' 

~ -
OUTPUT 

DAT"/UNI""S 

-
0.00 

T 
;n 

- ''" J. : r 
!':! m I 

l 
I 

I 

! 
I 

' I 

D ~l':eo. J r 
dioz=le ::ia. 1 

in :.:-:.::::es:) ! 

! 
! 

lbs/lb 



tJj 
I 

co 
U1 

, I 

PLANT fi1othV.J:J u u . _ 

DATE t/A¥ sO · t?Js
SAMPUNG LOCATION W · Sctw.IJ. Ovr 
SAMPLE 'NPE M oDtF/&.D EP& £: 
RUN NUMBER 7 - P.;~Ti - CJvr 
OPERATOR M·g/D -

t'\ 

EPA A .OD 5 
FIELD DATA 

5 cP. 1/811£1< 

W~tsre 

TEMP· 
Euo filfTii'-

Ovru~r 

~~ 

.,---

AMBIENTTEMPERATURE 70 ° t 
BAROMETRiC PRESSURE q, " 

~ ... .~~ s-

5r.l1dr 1E/IIfA STATIC PRESSURE, (P I u e "~ ' CJ r;,...-
FilTER NUMBER lsi 5 -3_734Cf 
PHOTTUBE No. &ep. A vvLJAJ?. 'l 

PROBE LENGTH AND 'NPE 2 ff S. S. 
NOZZLE I. D. - :.§ ! 4 • 3E2L i U c - Y .-1'!1:} 

ASSUMED MOl STURE,% ;i'ATvAtt rsp E:>o r ~/J'r. If 
SAMPLE BOX NUMBER 3 . 
METER BOX NUMBER £;:;;5',-;C;:;-:-_'::2.;-------

METER .1 H® • t:J 
K FACTOR ~H;-;"P':!'-;9~5"::-_--::5'::-:E:-:E;:--$.-;:;-:6:-:L-o.-----

PRE-TESHEAK CHECK RATE ,OcJ( CFM® 10 "Hg 
POSTTESTlEAK CHECK RATE at? I CFM@ ,6_ "Hg 

REFERENCE.1p fF I.:;:. 6 {I f~ (..>~£_f':,~'"; 

"p'' "TYI'£ SCHEMATIC OF TRAVERSE POINT LAYOUT 

TRA\II:RS£ I nAPSED I CLOCK TIME 
SAMPliNG 

POINT NUMBER TIM£. min 124 hr. CI.OCKI 

READ AND RECORD ALL DATA EVERY 0 MINUTES 

GAS METER I PUMP 
!PERATURE VACUUM, 
-• .. ln,Hg 



I 
I 

IJj 
I 

00 
0'\ 

, 

.. -\ '\ ~ 

. ' 

PLANT Mt2t11V.O DATE tlA.¥ 3CJ /fSF" RUN NO. 7 - ?A/fT. - ·cJvr ·• 

ORIFI!CE PRESSURE 
TRAVERSE I ELAPSED I ClOCK TIME I GAS METER VELOCITY IUD DlffiRENTIAL PUMP SAMPLE BOX IMPINGER PROBE POINT NUMBER SAMPLI~ 124 hr ClOCK I READING 1.1p 1 In H o l.d'HI, in. H2ol VACUUM, TEMPERATURE, TEMPERATURE, TEMPERA lURE, TIME,mon • IVmi,Hl s' • 2 I · ' ln. Hg "F "F "f ; tf-9· DESI~EO ACTU~l _i::_ 
S~l\,(e 

Do:1r6:_ 
' 

/ (I,P':H·hu 

,£_ n-J-.~ 

tf 

75 
80 
B5 
cro 
q__5_ 
IDO 
105 
JlQ 
/15 
120 
I !2.5 f{oo 

lqt7.130,Qb.01 l.i :.Z.LN .o.; il3o.te.5L.D6I.o411. g_ It~~ 1114 IBB lgal75 r!. 7 I 2 4q T6ti:06T?Z48 Ln~ 1~33.17.~Ln6J.o111-:-i_l t._ill15l81:1 IBal7hJ~_U,_ig __ l61l.o..6124lt l.o4 
lq3r;.IAnl.o6l.o41t.~ 11. ~ II/51 cto 18817 5 LML.:LSO_I6.21.06I..i4 B 1.o.1 l939.1h5Lobl·otll. ~ II. 'l I il51£to Laal'i~l5_._b J..zio _16 ~l.r2bl2 48 1.0.1 
94Z.2lOI~o6l.ottU.~_IL..~ lll6ICJol86l75ls.o I 2. so l66l.o61 :<.48 l...o_ lq4s.zqsl.6bl.o411;2.11.illlt)ICffiAAI7515./ I :zso l66/.obi..'Z47 l.t..a· 
~~~~~~~~~~~~~~~~~~~~~~~-~ 

~~~ qst.zeol.obl.o411.'111.~1\lliCl3lsetl76ls.3 l:zsr 16ti.o61248 l.Ot 
I ~57.31.<1.~. _k_r-.d.J .sf. h-la+.-

iz£YB> !Utl I [1;t III~J.II(t.t ti .oc. l,e-<~ 

i I 

(.cJ.L ;.rlt•. l'f t 120>, 11< ·12 tlzz.tg,u ~1~ 



Sc.liv$p61f. t/&~rtr:r 

CLEAN-UP DATA 

J>lant M o vN.Q Comments: 7/;;.., 1-v Cc~~GcrJ J.IC.f 

Date JA AI :?_.9 . /Cf8> 
Sampling Location I;vcttvE81teJI{ 

Sample Type E P /1 5- M CJ.P/t="/E.t:> 

Run Number 7- PART- IOVT 
Sample Box Number £ 5' C. 

Clean-up Man.~~~s~l~o~nueo~---------

/f IV IJ #.:;. t') . 

JOO 

IMPINGERS 
PH 0•1 ,IV ,#q CJ/1 

f e,..,I'.;.Y 
13 #4 

Total Net Volume in Impingers _..~,8'-'":..tl ___ _;;;..;'i'm1 
,/ 

Total Net Weight in Silica Gel _....J../ 'f.J...·:...f/.,_ _ ___!g""'~ 

Total Moisture b 3..0 glo! 

FiLter Number(s) Lf-7349 

MRC r/13 
B-87 

VV1 RC.. .#" 

tquob2.~ 1 



Ill 
I 

00 
00 

DRY MOLECULAR WEIGHT DETERMINATION 

PLAHT M e v .v a COMMENTS: 
DATE ,/1$«< 'l ~, If .9 L . .. _ 
SAMPLING TIME (24-111 ClflCK) I y (J 6' - LY {_2- . 
SAMPLING LOCATION $ G.-,_.ij..,~ CJ,:iTrf { .if{_, G) 
SAMPLE TYPE (BAG, lmGIIA~N}'~UOUSI 
AIIALYTICAL IETHOD --'~'-1':..:-r~.-~~ri"F"""--------i-----AMBIENT TEMPERATURE. __ _.7~CJ::::.--~..E ________ ;---
OPERATOR..L..o·.!::::..---------------!---

~ . 
COz 

Oz!NET IS ACTUAL 0t 
READING MINUS ACTUAL 
C02 READING) 

CO(NET IS ACTUAL CO 
READING MINUS ACTUAL 
Oz READING) 

Nz<NET IS 100 MINUS 
ACTUAL CO READING) 

EPA (Our) Z30 
4172 

I 

ACTUAL 
READING 

2 

ACTUAL j ACTUAL NET 
READING NET 

\ READING 

)-.) ?.5~1 

}.0 ']P,C,: 
' 
! 

! 

! 

. 3 

NET 

AVERAGE' 
NET 

VOLUME 

j'_., F 

z_o, > 

-

7 7- 2_ 

IOLECULAR WEIGHT OF 
IIUL TIPLIER STACK GAS (DRY BASIS) 

1\(. IWib-t~~ole 

44/loo { ' I 

3211111 0 ·5-

28;100 .-

28/100 2f.&2_ 

TOTAL ;2f. zj 



.; 

tJj 
I 

00 
<.0 

' ' 
EPA~ 00 5 

FIELIJ DATA 

PLANT fl1 ov M-D 
5 c~ V8flEI?.. Ovn.er .. 

t' A 'I PROBHENGTH AND TYPE ;?. e-r: 5'. S:. 
DATE t!AtV 3/ --~-/f,gs-
SAMPU NG lOCA T1 ON Wo · S c ;q v.s. CJ vr 
SAMPLE TYPE Mcote!&.D EP& £: 

WASTe - ....l:L NOZZLE l.ll. ,. 382. 
T!iM p. • -- ASSUMED M0-:-1 S~T~UR::E:-z., ,-..£;;::A:-::-::T:-.,-A:-&<-r_;:;_p_E;-:=-><-a---"1/J" r. ~ 

RUN NUMBER 0 - Plf!/7!- (Jvr 
Fuo RI!T£ - -. _._ SAMPLE BOX NUMBER ~~.3--.:=:--------

MHER BOX NUMBER 'J:£""5''--C.'----'-.z"'"-------
OPERATOR Mglc:me MHER llH@ • tJ 

K FACTOR -:-H;:'fJ~8:-:J::--_ -5'-:::-::6 e-=--$.;:;6-:-t.o-:--_..---
AMBIENT TEMPERATURE \.?I I ( 

BAROMETRIC PRESSURE .:l.9,;U "n 
STATIC PRESSURE, IP I ,0.1'( II»< 

t 1!!1'4 s-

FilTER NUMBER hi ~ 366. 
n ,,.., L !JE:- 5 riYdr 1E """"" 

PRE-TESTLEAK CHECK RATE .00! CFM@~"Hg 
POSTTESHEAK CHECK RATE .00 f CFM@ lL "Hg 
REFERENCE dp Ei!i 6 t.o ....., ) 

PITOTTUBE No. &Cp. A.vvvtJAi, . .f. :IS :2~ 

TRAVERSE I n.APSED 
POINT NUMBER SAMPliNG 

TIM£. min 

_8Urcle_ I o 
Q<?f,+ I s 

ID 
-Cent:e.r-1 15 
.d: stcv~l_2. 0 

2.5 
30 
35 
40 
45 
50 
55 
60 
65 

"p '' r Yl'£ o.. % t.o 
"'----' --'""-"'"'-""""'--=-<1.0 

SCHEMATIC OF TRAVERSE POINT LAYOUT 

READ AND RECORD All DATA EVERY 5 MINUTES 

ORIFICE PRESSURE DRY GAS METER 

ClOCK TIME I GAS METER unocnv HEAD DIFFERENTIAL STACK TEMPERATURE PUMP SAMPLE BOX ~MPINGER PROBE 

'24 hr n OCKI READIIIG3 tdp 1 In H 0 ti1HI,In. H20I TEMPERATURE INlET OU~ VACUUM, TEMPERATURE, PERATURE. TEMPERATURE, 

• ·..... tv l,ft • • ""2 n ~ ""'- In Hg • "-

m I!. - l:.F.fl DES I RED ACTUAL a ., .. . "• '·"' "• '· . "" Fl '""·b' t I "n '< 
II" ____ r'iiAT _ nil • In out -.JI.ll c: r_ 

/"3;13 lrszmlo.ozlo.oYIJ.2Ii·2-l/&ilgg..L('Ll6'7L.1.r_l J-l..f£ lzYEoz[:ZL<z-l.as.-
64 ·.o .24t3 ~ 
63 .06 2 41 6 0'-

l9b6.lOOI.o71.otl ~-i I~ Uoqi8TI781671Z51 :210 1631~226_1 240 l.o~ 
l%1.18:) .o?Lottlt. 2-.11. ~ ltOJIBZIBO I ~_Bl.::2._6_LL4 3_lo31.8.6L244 1-0 t 

- ICJ7:Z.I"4Si.0'11 ... a.~ll._tl!.~ luQJB(JC3216el.Q,-'7T24 6 T3Z..I.o6l :2 4 7 I· o.t. 
q7s.u5l.o?l.o411· .1. 11. ?.lt!Oiml63l~lz_g_JL'f-q_l62l.o_6l:24q l-O't: 
~~~~7r.~~~~~~~~~~~-r~~~~7~·01 
~~~+=~~~~~~~~~~~~-P~~~~6~.~ 

~C....U.:.:::.....U.=.Oo~=-.J..!..!..l-.c:::.L--U.<:.~:...J-l-~~::..::>.-L-L-Jw.<..:::::~ 2 7 • 0 L 

l96bm5l.o7l.o41t.:z I 1.2..1111 I81IB517li3.4I.:Z4816'31.o61 .:z48 1.0"' 
B891985l .o'71.o411· 2. I 1. ~ I ill L6Ql B5l7 :ZI3. 6 I .24 C3 16 ~.oZI2n4 F31.nL 
~U.j'15l.-o71.ot 11, o1-11.~ Ill!' 1 8ol8sl7 gJ-:3.8! 2 4 7 16 3l.o61.217 l.ot: 

11:\5- 1~3_6.01.!, 

I' .-~........-~ \' ·: \ \(.~ 



( Sc.!lvPpG/?.. tJurl.l'r 

CLEAN-UP DATA 

,Plant M o VA/D Comments: T/o.-r;v Ct7~&-GC.tJ' JiC.f 
Date ciA AI 30, /f8.s
Sampl1ng Location I..vct..vE8At:Jif. 

Sample Type E P ~ 5- M tJL),tf""/I:L> 

Run Number 8- PA87 • IOVT 
Sample .Box Number £ 5' C. 

/f,VIJ 1/.z. r/ . 

Clean-up Man~rn~~~t~o~n~e ________ _ 

IMPINGERS ~ 
#2 

,.,, O•l ,A/ p, Of/ 

r e,.,,~y 
#3 #4 

Total Net Volume in Impingers _ ___.4.:..:....• _I -----.;~1m1 

Total Net Weight in Silica Gel ___ /.!.--'.._) __ ...!g..., 

Total Moisture I 1, Y g.., 

Fil.ter Number(s) 47362 

MRC 7/73 

IN\ 12 c..=#=
J922062-2Z 

B-90 

#5 



tD 

' "' ,__. 

DRY MOLECULAR WEIGHT DETERMINATION 

I'LAIIT flJ ,; , , .v ?' 
' DATE ,/"''" 71, ,/f1'i" 

WPLIIIG Till£ (24-111 CLOCK) I 1 {. ? /!f( .£... 
SAIAPUIIG LOCATION 5 <"- h· ,?d c e (;hry l¢-",7' C/PLt'- 6!) 
SAIAPLE TYPE (BAG,Illili~I,ED, CO"TINUOUS) _________ _ 

AIAALVTICAliiETHOil_.:.,f-_·,.:l'c..:;..~".:..i:../-<:-:--,.,._------'------
AIABIENT TEAIPERATURE __ .,::,.r.<.;.''_''-~.1 ___________ _ 
OPERATOR C () 

~ . 
COz 

Ozii'IET IS ACTUAl Oz 
READING MINUS ACTUAL 
COz REAOIIIGl 

CO(NET IS ACTUAl CO 
READING MINUS ACTUAL 
Oz READING) 

N2(NET IS 100 MINUS 
ACTUAL CO READING) 

!EPA (llul) 230 
4/12 

I /}IS' 2 Ol-7.. 

ACTUAL ACTUAL ACTUAL 
READING 

NET READING NET 
READING 

().) ( ( C} . 

20· ,- 2-t.CJ 

COIIIIIENTS: 

3 AVERAGE 
NET 

NET VOLUME 

Ot75 -

J_o, 75-

~-

7;!;'. 70 

IIOLECULAR WEIGHT 01' 
MULTIPLIER STACK Gil! (IJRV WI$) 

11\t• 111/111-i!!ole 

-"!100 o. >? 

32/IOO (;I G y 

2ll/100 

211!100 2 (. '?J 

TOTAl )tJ. f.>-



.j 

,·) 

PlANT Mov..v.D 
DATE t/A-,V 3 / • Itt#.> 
SAMPliNG lOCATION \Vo · Sctwa. CJvr 
SAMPLE lYPE .+1 ootet&.D EP/t $': 
RUN NUMBER 9 - ~rr;- c:Jvr 
OPERATOR M"'(o 

,....-... 

EPA A .OD 5 
FIElD DATA 

Ovrt..er 
(.\. II 

~,..~ .... -x 
.,...--

. ..--. 

PROBE lENGTH AND lYPE ..2 et 5'. S. 
NOZZLE I. D. • 382. 
ASSUMED MO-l S ... T:"U':"RE",=,.=-::s;."A-:-T-v_A_.f_T_E_p_£;-:::-x-,-r .1'1/rr. Et. 
SAMPLE BOX NUMBER 3 
METER BOX NUMBER E;=;;S'~C.;:=--2~------

AMBIENT TEMPERATURE b9 (J FR. I t 
BAIWMETRI C PRESSURE • .2 q • ::ZI "j 
STATIC PRESSURE (P I.!,·,. 1.1 I' c:J 

METER L\H@ l' 
K FACTOR -H:-:'-:!!7:-:8~5"::-_--:5'::-c:-E::---;0;:-~-L-o-.----
PRE-TESTLEAK CHECK RATE .oot CFM@ 8 "Hg 
POSTTESTLEAK CHECK RATE .Ji!>( CFMiR"Hg FILTER NUMBER lsi 5 173 4=3 

PITOT TUBE No. & Cp. A,v,vvi1Ail, 'l 
''p'' IYI'£ 

tl1 I TRAVERSE I ELAPSED .b POINT NUMBER SAMPLING I a.oCK TIME N TIME. min 124 hr. Q.OCKI 

GAS MmR I VELOCITY 
READI~ ldpJ, in. 
IV mi. II 

' 

SrAd,- 1E,~~t,._ 

REFERENCE L\p o" 1 .:; <'> II v Cs <!' G If, 

rRAVERSE POINT lAYOUT 
,-

5 



S C../IV/IIJG,I{ tJ~r I. G"T' 

CLEAN-UP DATA 

fla.nt M o Vll/D Comments: T""A4hV Ct7t:.&..Gcr.r JIC,f 

Date .!AN 3/ . /?8s
Sampling Location IuctNGMOI(. 

Sample Type E. PA 5"- M t:Jp"r/E.£> 

Run Number 9- fABT • IOr/T 

Sample Box Number £ .5' C. 

h/1/D 1/,:;,t:J. 

Clean:-UP Man !Y!afcn-.e. 

IMPINGERS ~ 
jOO 

112 

Final Vol. 6o /. z,m~ .597/J 7mi 

Initial Vol. 60::5. b'fmi .sqJ. ~ml 

Net Vol. - ')., '{ Jml r,:P Jml 

,, (j./ ;v p,q CJ)/ 

f e!M~~y 
1113 114 #5 

50/.{ 'ml -*=1 ~ml 
SOO.Ozmi ml. ml 

(·{fm1. ml ml 

Total Net Volume in Impingers __ 4..:.;..;' )..._ ___ ,/:y.:'fm1 

Total Net Weight in Silica Gel --'~'-"'.8 ____ ,g.., 

Total Moisture I}.) g~ 

FiLter Number(s) 47343 

MRC 7/73 
B-93 



?LANT: 
'' " a::: 12. 

: 
~"'""' 

_,. .. . . l;" 

INSTRUC:TIOHS I I DATA) I I I KEYS) (DISPLAY) fl~n-r ~ f!C'- I PeH Hi!L 

'RUN .. : 11-.tA,u, 7-Tu""' ...,_z,...,,..,I...,.J',._,cr 

LOCATION I D " 

I I ;/p'-( ' J.oad EPA-5 (r~vised) Sid~ 1 PAT'E: 

Store variables I I l;t> 'i :J -fr> 17>7J I?.Y8J TIME: • 
Met~r volume m I ft3 ! ENTER '-17-JfC 'lB. ~,;./ 
Barometric pressure bar ' In. Hg i ENTER 12,;-.rJ l2g- 5"' I 
Pressure diff. on orifice I "" I In. H, 0 ENTER I,'? 7 ,). .11 s- ' 

I ' De9F Meter teaperatuM! " A v 
fl.:J..O I 9/. I i ' m ' 

I y I : .... Meter calibration factor 
I ENTER /. 0 0 ' 

Volllii'M!! water in imp. I '•< ml I ENTER 4'-/ ~/. 9 i I 
Yo liMite w1ter in sil gei I Vwsg !1" Etri Ei; I 7. ,;:2_ ' §.7 
Pa~iculate collected ·~ ll~ R/S I y I ' - I mg 

B~ ' 
Compute volume meter standard I Vm(std) '1'1.{3~ 4> . .:zi I i 
Compute volume water standard R/S ~ Vwc(std) :;. . 6 'I I .J 37 I 
Comoute percent moisture R/S Bws 0-06 !ll.OG I I 
Comoute mass loading ..JJ. .. I ... I concentration I gm/DSC!/,., tl R/S C:'s' !J.~.l-'t ~.'7'0[·'11 I 

' 

.-f.,,+.~ concentration lb./DSCF /..J R/S c, '-HH-8! i· 87' •I ,'-/. /:-!'J I 
' loac .PA-2 

Stack ~rature Ts AVG Oeg F STO 2 I 17'?71 l'iJ:?. ;;.I I 
I ' 

Average velocity head I r7T" I STO 3 I lo. '?,2 I 0. 9'1 ! 
Pilot tube calibration I c, I STO 4 ().8'{ -' 
Absolute stick pressure '• ln. Hg STO 5 IJ,q..;_;-t i.28.n I 
Dry mol~la~ we1ght "• STO 6 Lw;71 71 
Mole fraction HaD ' STO 7 I t1./J6 ().()6 I I . .., 
campuie-velocity -vs- FPS B --- vz AvG 11aU IJo.;~ . ~ T 
Stack area .. A ,,z STO 9 1'}./! - I .. 
Comoute stack flow rate c, DSCFH c o, 1().{9 11608 i 
Dry Standard I DSCFH 1 o + 6D ..2/. I 1177 I 

- I 
I 

Actual Vs ~Ax 60 I ACFH 1108£ ! 110.9 ' ' i I -
J.oao EPA-5 {revised) side Z 

I 
Ews I - I ; 0 0~ : . Store var1abies I STO 5 I i Q-0~. ··- ·----;----tm{std) I I STO 7 I . ;r 

':i.£:3r!..' 
I le./DSCF I I STOS I 

1Lflt.i7 I 
I- I :-

Stack ~rature Ts I O.g F I ENTER I I )I./ 77 lt'i7.7 . ..). i 
Samoiing time I I I ENTER {c1 ' ! ' min 

' 
Sta~k gas velocity ' s l ft/sec I ' I i/&0-~ I jiJ;J t I 
Abs. stacK gas pressure I . s In. Hg I ENTER I i2R.J:7i W8.:;,-> i I I 

Nozzle area ., ' ft2 ! i l'f. 9'/[·'il ' I ' 
Percent !Sokinetic I 1./ f. . r. I R/S .. /I!J/. J !'f'j,Cj ~ I 
Comoute mass loading coneentr<!:tion ~ •I.., i 8 C"s" 9.'-ISE-< ~.,7£~a. I 
~ission Rate {1bs/hr) I ! I 

tJ.JSJ./ \tJ.737tJ./{,(pi ;(.Jo) 1 

Pollutant: 

Oat;: Reouction Sy: (Ini':.iaisi 

B-94 



PlANT· . , . 
INSTRUCTIONS I (DATA J (KEYS) 

Load EPA~S (revised) Side 1 

Store variables 

Hetel"' volume m ftJ EMTER 

Barometric pressure '• .. In. Hg ENTER 

Pressure diff. on orifice AH In. H.:tO EMTER 

Meter temperature " Oeg F A 

Meter calibration factor y 
ENTER 

Volwne water in tmo. Vwe ml ENTER 

VolU'tne water in sil gel vwsg gM EMTER 

Par~iculate collected "" mg R/S 

Compute volume meter standard B 

Compute volume water standard R/S 

Comoute percent moisture R/S 

Comoute mass loading concentration gm/DSCf",.., R/S 

concentration lb./OSCFj;, R/S 
Load EPA-2 

Stack temperature Ts AVG Oeg F STOZ 

Average velocity head n;p- STO 3 

Pilat tube calibration c. STO 4 

Ab$alute stack pre$sure P, ln. Hg STO 5 

Dry molecular weight "d STO 6 

Hole fraction H.O B.., STO 7 

Compute velocity ' FPS B 

Stack area A ftZ STO 9 

Compute stack flow rate o, OSCFH c 
Dry Standard OSCFM 0 + 60 

Actual Vs X A X 60 ACFI! 
-

Load EPA-5 (revised) side 2 

SUire variables S.s STO 5 

m(std) STO 7 

lb./OSCF STOB 

StacK temperature T, Oeg F ENTER 

Samoling time e min I ENTER 

Stack gas velocity v, ft/sec I A 
' 

Abs. stacK. gas pressure '' In. Hg I ENTER 

l'tozzl-e area A, ftZ 

P&rcent -rsokinetic II./ J .. r R/S 

Comoute mass loading concentration "!. ;.] B 

Emission Rate (lbs/hr) q, !02~E)jJ X c, tlb:ii~QS~E' 

Pollutant: 

Data Reduction Sy: (ln'itia1s) 

i 

B-95 

- I D .. . 
(DISPLAY) A:>R::I HCL 

RUN •: I ">-Jul& i t;-I ,vLG 

VA.TE: f /.;;"! 
TIME: 'D: <let -il :q 

54.:<97 
02'1. 1./( 
d),(; ?f.!-

'• '?6 .</-
/.Oo 

'3~- fJ 
II' 3 

y I 
Ym(std) 5;J,, ()J.-
'we(std) !J. of 

Bws () ,0 '( 

c• ' 
' .?{E-'t 

c, ,;J.'f[-8 

l~.r.,l 
i.oh1 
o.N· 

::J'l, I;).. 

;:;. r. rfl 
(') .o '-( 

Vs AVG I I o; 
tJ.tb' 

o, 1'110, 
"l.J. G' 
fJ_;.Lf 

!tJ.&'i 
19.~ 
-

1317(; 

Lr<:J -
I I 'J 

2.r.f2... 
o.f..?J&-'1-

<I C(?_f 

c s f.,.7"J &-G 

:&./"3 j/,000 

I I I 
' 

I 
I 
I 

" " 
fa~r. 

·r.-T. 1~1 
J/.Z9 
/~ :J.:J 71 

2&. 'I 7'1 

.2 "' '-!/ 
1.,; 
'?J.b 
f, f!>eJ 

1£ . .5' 

7-r 
I 

]..G. g1 
I .r; ;)... 
. 

1'>.7~H 
l:u .. o£-8 

!3.1?$ 

/. I I 
c. g'f 

2f,t:J2.. 

Lzt. '?> 
o,oG 
I Ill, JJ 

120CIS7 
ls~'-1 
It ::< e 3 

It>, o G 
t2{. {!'f 

- I 
lnst~ I 
I ?o I 
lw1.8' 
Jf. o;z 

t?fl.'l 

~ 

/YS3 

.Ob_ 

--~ 

--

I / . .23E.-,S' 

lo. :z.~-tltil"J 
I 
I 
I 

I 



. 
1'1/\NT : ~'=!:;:."I. - 1 OCATION• ) s. Jj e ~ ~- ~ I D II . . 
INSTRUCTIONS I (DATA) ( KEYS) (DISPLAY) "P<tr't ifC.I.. P~r I~ 17-ln/et -" '?"o.Ler RUW It: 

Load EPA~S (revised) Side 1 VATE: i- JO ~ i -.at 
Store variables TIME: 1:1: s-CJ -lt' :o4 
Meter vo 1 ume • ft3 ENTER .2'1-111 q 17,175 
Barometric pressure bar In. Hg ENTER 121. "37 .;;s d. I 
Pressure diff. on ortfiee AH I In. ~0 ENTER 0.11 C.!? 
Meter temperature " Oeg F A v. _']5.7 7.__,:; T 
Meter calibration factor y 

ENTER /.00 i.CO 
Volume water in imp. v.c ml ENTER Q_57,q 73.5"1 
Volume water in siT gel vwsg 9" ENTER 5.8 S.5 
Par~iculate collected M, mg R/S y I I I 
Compute volume meter standard B Vm(std) :Z{02 •{p.:j3 
Compute volume water standard RIS vwe(std) 11.'11 3.7.;;_ 
Compute percent moisture R/S Bws 0.34 C./? 
Compute mass loading c:oncentrati on grntoscr,., R/S C' • s b.1l£·4 '7.31£-4 

concentration lb,/DSCf/;., R/S c. 'l.!B e·e /.o':>t-'1 
load EPA Z . 
Stack temperature Ts AVG Oeg F ST02 1157.4 . 1/Q.?.</- I 
Average velocity head n:r STO 3 0.1031 t?. !9fl 
Pilot tube calibration Cp STD 4 0.84 O.B<f 
Absolute stack pressure '• In. Hg STO 5 2'1.081 2g.p~ I 
Dry molecular weight Hd STO 6 2q_q4 ,-\:'), J(c 
KOTI! ff'iC:tiOh H-:10 

...... .. s'Wo ..... ... 

ST07 0.'34 6. I? 
Compute velocity 's FPS B Vs AVG 2137 ·YD. f.;;J.. 
Stack ar-ea A rtZ STO 9 0.18 0· 1'6' 
C~ute stack flow rate Q, DSCFH c Qs :;:z.qoo 3</'-/a 
Or'Y Standard DSCFH Q f 60 48.3 51j 
Actual Vs X A X 60 ACFH 131 ;)17 -

load EPA-5 (revised) side 2 

Store variables Bws STO 5 i 0."34 0' l"i 
m(std) STD 7 124.02 i /&.53 

lb,/OSCF STD 8 - - I 
' 

Stack temperature T, Deg F ENTER I J/5'7.4 r 1.-7'<' • ...t I 
Sampling time ' min ENTER t25 7o 
Stack gas ve1oc1ty v, ft/sec A 2.1.37 i ,a c. t;J. I 
Abs. stack gas pressure 's In. Hg i ENTER '2'1.08 ,:>S 9(p , 
Nozzle area A, rtZ q_q I E·4 ~ 
Percent Isokinetic 1?1. 11. RIS .. /4:;_r; ?1.!" r.. .. 
Compute mass loading concentration / 

., " 
i/.2.~~ '3.7~e-s e c s 

Emission Rate (lbs/hr) q, roscel:ll X c, (Jt~lQS~e) 
1a.~ss o. S'12. J.,z~ sl &. ;,.,J.j 

Pollutant: I ! i 
I I Data Reouction Sy: (Initials) i 
I i 
I i I 

B-96 



PLANT: ~V~Q - : c 8.. &~.. (l/2 Eli. '- . . ' LOCATION S_ 
.,_ 

_/_.v E7 I D I' 

INSTRUCTIONS 

I 
( OATA) (KEYS) (O!SPLAYl f' "!?' fiC<-

1'7-J".M = RW1 fl: 

Load EPA-5 (revised) Side 1 VA.TE: 1171 /~ 
Store variables TIME: /717 f, !f<i7 
Meter volUII'Ie m ftl EmR ;2.1. '-''181 
Baranetric pressure to bar In. Hg EmR :u . .2..1 
Pressure d1ff. on orifice t.H. In. Ha 0 EmR o. n 
Meter ter~~Perature " DegF A v. g;;. t 
Meter calibration factor y 

ENTER I ,oCJ 
Volume water in i~. Vwc ml EIITER 6'1. g 
Vol~.~~~e w1ter in sil gel v.,9 !I" EIITER 1..;, I I 
Pataticulate collected 

.., 
mg R/S y I 

Collrpute volume meur st&nciard B Vm(std) ?C'; {/2.._ 

ComQute volume water standard R/S 'wc(std) ~ .2~ 
~ute percent moisture R/S e, o. i ?7 
Compute mass loading concentration grn/DSCf'....,. R/S C' ' s (),t>O/ 

concentration lb./DSCij"' R/S c, /. cg c-
Load EPA 2 -
Stack tenperature Ts AVG Deg F STO 2 1/U I 
Average velocity head n:r STU 3 o -~7C 
Pilot tube calibration c, STU 4 0·8'7 I 
Absolute stack pressure Ps In. llg STU 5 '2<?c;JI 
Dry molecular weight "d STU 6 t)..¥, 'f 
Mole fraction H.O e, STU 7 Oc!{ 
Compute velocity '• FPS B Vs AVG ~ J, 'If 
Stack. area ... A ft2 STU 9 CUe? 
Cc:alpute stack flow rate o, DSCFll c o, '-1 I Rf 
Dry Standard DSCFM Q + 60 b ~I 7 
Actual Vs x A x 60 ACFM ;1 .. .<;-g 

Load EPA·S (revised) side 2 

Store variables a,., STO 5 cl.ll7 
m(std) STO 7 2.CJ· <12. I I 

lb .. /DSCF STU 8 - I 
Stack temperature r, Oeg F EmR /I 7 c I 
SiUII1ll ing time ' min EIITER < {7 i ! 

Stack gas ve:loctty v, ft/se:c A :;:.. ?, 9/ I I 
; 

Abs. stack gas pressure 's In. Hg EIIT!R :2.. "'·I' 7 I I 

nozzle area An ft2 p 'IlL'- v 
Percent Isokinetie 11 !1 . . (" R/S <I /C/ I 
Compute mass loading concentration I B c s l/.32 £..il I 

I 
' 

t."J?ll I I Emission Rate (lbs/hr) q, (!lS!::El:ll X c, (]b:illJS~El :o.<S?J.. 
I Pollutant: I 

Data Reduction Sy: (Initials) I I 
I 

I I I 
I I I I I ' B-97 



tJj 
I 

"" CXl 

PLANT M OV.VD 
DATE JHN ~_:;2.. 1 lfiS 
SAMPLING LOCATION WD- Scllt/8-.TAI 
SAMPLE TYPE Mat;!.El§t? EPt!_ 5""" 

~~~R~¥:ER ~\n ~~~-·~, f?t~t ~,;.;-, '?,. 

AMBIENT TEMPERATURE CO 0 -

EPA N. S 
FIELD IJRfA 

VVMT6" · 
TEMP. ! 
FeED 81frE 

BAROMETRIC PRESSURE .;i'/..3 o ' !f:L 
STATIC PRESSURE, 1P I tz''!/,tY '1 !:/:iP ·--, 
FILTER NUMBER lsi ~ '£;) "ii'b , I ._ FLo 1.</ I 
PITOT TUBE No. & Cp, ' S rr-,E L. -----';,---'---___j-

. PROBE LENGTH AND TYPE 1 Fr "Jtr tJ C<>oU',a 
NOZZLE I. D. __,o""· :...· ~:~'-"o"----:--
ASSUMEDMOISTURE,•Hvw. l/..,4t t.nm /.v'K$r£ 
SAMPLE BOX NUMBER -:-:'t:J~I\~1-"J,.,l:> _____ _ 
METER BOX NUMBER _.,.v~A"-'1"'-''P ______ _ 

METER .1H@ -fl7.· '?,_,ie"----------
K FACTOR :-:-:-:-'70:-'ll':=:-:-:-::::--,:v"'-::::-:-:--:r:=:-:
PRE-TESTLEAK CHECK RATE .00 I CFM i iS"Hg 
POSTTESTLEAK CHECK RATE CFM ft _"Hg 
REFERENCE .1p a£ I.:::: 6 H ·eF L> EE .tfcL<"··") 

7 (g PM .Oo<v..vs r,ofE-"-"7 SCHEMATIC OFTRAVERSE POINTLAYOUT - L I 
I ; -

READ AND RECORD All DATA EVERY 5 MINUTES I I ""1 
ORIFICE PRESSURE DRY GAS MilER 

TRAVERSE ElAPSED Q.OCK TIM£ GAS MEIIR VELOCITY II:AD DIFFEREtniAL i STACK TEMPERATURE PUMP SAMPL! BOX IMP INGER PROBE . 
'OINT NUMBER SAMPLING 124 hr. Q.OCKI READING ldp

5
t,ln. H2o I dHI,Inf HzOI T[MPERI!TURE 

INLET OU~ 
VACUUM, TEMPERATURE, TEMPERATURE, TEMPERATURE, 

TIM£, min IV ml• fl3 
. ~·"" "•,.'· "J "• I, 

In, Hg "F of "F ! DESIRED ACTUAL 
n "'' 

(! J{..;5lJ :W!l.71!Y o .. 'ln iltcs- !1.&5 s<??tr 73 1o 7' :lo~ (; 4' ,;z¢5 
._:.; .:)5~ . .;{~<; o. ~t; l.b6 i/. (p i/8 9 .;:>.__ 7(;.• 76 4 ,;t..;!!J /.;~ ;;)(,, '?' 

/u 3.55. b'-tt' {YJ!J- Ud ' j,(p !510"""" ?g 7..1. .1/'3 .;JBo lf'3 oz(,; 
\\ \- 1.'-i- -'15 '?. ¢& 6.15 I. '1..2-. i;.~5 13?7 'c?O /t/ d~ Dll/5 tl.? QJ,¢ 

·:1 ~~ .,}() ,at, ':5. 6/JJ '0.-r;.;.. /. 7& !/. 70 ! J:?'i'-1 :?.1- 1(£ :r c2t/t/ &s ,;;s<t' 
~() ;}5 3(,.·4·~~ (/; \{(] 1.9:,- II/.? /38"7. Yz/ 71 s :;2</t/- (iii ~(?0>.. .. 
f \l- ~0 316. lfl?o 6,¥1 1-~ Y-8'..? 

' - /_:3?;).... r?t/ 7t S' 44' &7 .--.Jt• t/-
~) '-' -1f; :')"/ 1/ 5lS 0' S";)... !. 9.?> v, S'il !t3g'& 5;'1;> Qo 6 .. !,- ,;(1/'i( 4J't o:?fA_--;-

~) '" J/o 3 7 b" 'ilo o. n~ /.93 il-9 /38'f:?' l?tt 9.J ,£).5' ;)c;1) (p') .;),(// 

rP J::! _Jj_r:; 3 !1.;).,-:)7-" /?,~ /. 9:::; ;a . ,13 i/'3?5" ¥7 "i1 (,, ~57 ~I o?&J5 
,rf :-,1) _::j 'if(; .!10 0.8'3 1-9~ /.97, '13?! Y1 ~;L {!l ~ ---s IS-~ C>O .;((.•1{:> 

~ CJ 
J . ">s !,57u.ffi D, 'if_":; 1-Z? Y-9 !>- j3>?5 I&' X'~ 

"' 
~5-3 {;;;).. .J.b~ 

·1 <' /t() I 7.</D .J~f..o#{ ,5).00 

\fi 

Lh 33~ 0. ~1 /.'ifJ /O'l(p_ o'i I;\'/. D 
-~. ·-· -. 

I 

! 
i 
' 

[ 
f 
f 
f. 
! 
I 
~ 



• 

5 c. ,q (/ .d 9 E If I ,IV LE'}'" 

CLEAN-UP DATA 

Plant /11autVD Comments: 

Date ,j;tuJ~ lfJ'.r 
Sampling Location l/vc.ttViif?19TtJI? 
Sample Type El'lt s-- /t1ol?tE£) 

Run Number I - PAB T - TN 
Sample Box Number A/ /11";0 

Clean-up Man WlE lp.j e 

IMPINGERS 

7/:il'f./#' C"'t.t..Et:. Tf 

,47 IV D )/.:4 ~ 

·Total Net Volume in Impingers 77· £ ml 

SILICA GEL 

Final Weight 

Initial Weight 

Net Weight 

6(.2·? 
6C3.tf 

7·7 
~~'g*g g g g 

g~ g g 

· Total Net Weight in Silica Gel _-.~..f~, r::_ ___ g ""~ 

Total Moisture lf f, { g Jo? 

Filter Number(s) 5C!P5 

MRC 1113 
B-99 



tD 
,_. 
0 
0 

PLANT /V1 OV..V.D 
DATE ch& '-"3 1 · I tiS' · 
SAMPLING LOCATION~- Scli:~-I,v 
SAMPLE TYPE Maa ED EP. s
RUN NUMBER o( - PAn: - I ..v 
OPERATOR KArur&.!iJb f\f?H;,sgo,JG. 
AMBIENT TEMPERATURE · 6'/ o (" 
BAROMETRIC PRESSURE 01.'/ · :1e. '' 
STAll c PRESSURE, IP I & II 

FILTER NUMBER lsi 5 50/)?3 
PITOT TUBE No. & Cp. '' $' " Tt'.'a ' 

'"'· 
EPA ME'\ '5 

FIELD DATA 

VVMTiii 
TEMP. 
FeED &1rE 

' 

I,vt.er 
<!... 

~<R'3'~ur 
:( './l!l.JJJA.l 
o.Je ,4,r 
"'~ .. y 

._ /fLoW 

( 

PROBELENGTH AND TYPE 3 er ",l/1 CJ C~:~~:~U.LJ 
NOZZLEI.D. o.3o 11 

• 

0 

ASSUMED MOl STURE,,_ l.vas, V·M t t • ..u rtt t..of$r£ 
SAMPLE BOX NUMBER Ur-.ff' .~ 
METER BOX NUMBER ~tV~A~P~'P_______ ~ 
METER LlH@ :· ¥to f ~; 
K FACTOR ld ~ /V'~-r J' 
PRE·TESTLEA~ CHECK RATE 0,<'<!~ CFM It .15:.. "Hg ~ ~· ~ f 
POSTTESTLEAK CHECK RATE,,,::, CFMi Cv "Hg/ V ~) /i 
REFERENCE Llp o£ I:: 6 tl gF {5' EE tfEL<n-')( ~ 

7 f!l P/I'J ,oo.._.,..,s rA'E~~ SCHEMATIC OFTRA~ERSE POINTLAYOUT 

ORIFICE PRESSURE DRY GAS METER t I 
TRAVERSE fiAPSED Q.OCK TIME GAS METER VELOCITY HEAD DiffERENTIAl ' STACK TEMPERATURE PUMP SAMPLE BOX IMPINGER PROBE . . i 

READ AND RECORD ALL DATA EVERY I I ,~~ 5 MINUTES 

POINT NUMBER SAMPLING 124 hr Q.OCKI READI"¥ ldp 1 In H o I dHI,In.i H20I TEMPER~URE INLET OU~ VACUUM, TEMPERATURE. TEMPERATURE. TEMPERATURE, .S1Jl1K:i 
TIME. min ' IV I, H 5 ' • 2 ' IT I In Hg "F o ~ · 

m DESIRED ~CTUAL 5' 11• 1.1,"J 1'-,.,.l . f _! 

0.1 o /?.'5.; :Yit/./59 o.51 · /.;;q ,/ 'lc,{, ~z{) IF? o?!:Y cJ.5/ .G ] 

- ..,. ·s 1 3'17.31/" o.Slt / .. :J'7 /-.;;J1 14 :" ;)_ Ia &~ L/ &.;;zc} . ,-;J/3& S:• 
1 

0. -:; /(_) 1-'h,o. tol.4 0-5&. j.()J /.Qb- 14 'tp~ 7/./ 7/ tj. -- 0<2></ C2tf.6 ~~ -~ i r~ 1':5' ;.Jo_a, '1.? {),5(., J. ;;J1 ~-;;1 !L/(ps- 71 'li 5 02.;/0 ,YQ 6'. It' 
' 

¥4 
VJ 1- -.lo ?'07.-J$4 tJ.S5 (r:Jj ).:n ld,~1 :Yb ~~ 6 clt/3 uJs::s.~ " s .. , --WL 
,_ u ,;Ji·) J/;0.5),1 (,),55 I-.J3 I~ o.3 It! v'il' 3'3 '71 5 .;;;</6- ,::is 7 I 

5-.1_ f. 
2 \ .. ~(. 'i'/?.7'1.1 J'l,')Z'} / . .;23 ). ;),3 /Lf(c/?' 't</ 171 5- 01¢'?" Ol59 6.(., 1 

).,.J j/ /IJ.D"'t n.c.~ j,;)3 /. .1.3 ;41o Y5' Yo _«;: • ,;;.~() ~0 6.4>[ - .'/ ·.:::> 
') io 1-".,'l,£1, :<;,4 o.sw /. "J3 y. ;)_'3 lf13 '(((; J:~ 6~"E;" o;6b ,Y&; s-:~ 1 "' ~~ CJ ;/5' ib..'3.Mi'i? 0.64> /. J7 /..;;J7 Ji./1-=>, )(')/ ~3 ~ &57 .,..'){,?~ . ,-s-. "' T 

~ ') 61J rJ.J...J. o3.;!. (') (,)(_., r::rl V.•Y! fli-T~ S"<l w u -~~c.;·cj- t.V4?3 w.J 
:::2 J)-r; 1-i.'lb. 146 6 57 (.'JJ 1..21 rtf?o '>! ,, ~:;- & c) ,<;'c';l ,))(c.t/ ~' : 
v; &D u i'/s':J !f3'1 :J:.H /,~7 

--, 
~ 

" r?;;;;-:7. ' 
. 3'1. S(o'J '7.9£:' iJ.J5(j iL/rt7,.3 79.:-> 

-~ 

-&;- . 



5 c-P1 ehf1 p E ;t? I .-v u:=j

cLEAN-UP DATA 

Plant Ma u tVD Collll!lents: n ;II./ A-' C <!> <. 1-E t:. r f 
o'ate r/&N23. ltd'.> 
Sampling Locatio~ lfo-c!IVE!f/?T(j/? 
Sample Type EP& s-- Mt:J£JIE,O 

Run Number 2 - P;uq r - ..T"N 
Sample Box Number ;!/ .1'1 /"/" 

/9 IV D J/.2. (!) 

Clean-up Man.~~------------

IMPINGERS 

Final Vol. :nBS'fT"'1 .s.ze.~~ 
rni tial Vol. 53Vi(mi S?g. 'ZJ~i 

Net Vol. J.ft/,tr$ 8',0 jm'l 

·Total Net Volume in Impingers _.....;:5;..._5_, _7 __ ....,;ml 

SILICA GEL 

Final Weight 520 • 'i ~ 
Initial Weight /t :2.. 'f 
.Net Weight 

· Total Net Weight in Silica Gel _ __;,7....;,'5:...._ ___ g..., 

Total Moisture t f. 2 g;., 

Filter Number(s) ~o1g_3 

MRC 7/73 

.. B-101 



IJ:I 

>-' 
0 

"' 

--~-,\ 

PLANT J11 0 C/ .v -L> 
DATE Vl'ltf/ <>7\f 1 I US 
SAMPLING LOCATION ~;r ScJi:~-¥ 
SAMPLE TYPE Maa EQ U 
RUN NUMBER 3 - ~~ - I~ 
OPERATOR t<fmrf=i'•n< jw,.t<Z~ 
AMBIENT TEMPERATURE ~- A -

BAROMETRIc PRESSURE <)!<D· I I q;--
STATI C PRESSURE IP I ,;:E,, f',Ho.0'1 ' "' 

~~ 

EPA ME', 15 
FIELD DATA 

VJ'MT6 
TEMP. , 
FeED 8JtrE 

I,vL£r 

m· 
Or.i6 .eb.T 
dJu.y 

._FLOW 

('" 

PROBE L£NGTH AND TYPE 1 C"T ''Jil t:J c~~u-~ 
NOZZL£ I. D. o.Su 11 v. 

0 

ASSUMEDMOISTURE,,.I.so!.' VAAt (.or& /v'H.rr£ 
SAMPLE BOX NUMBER 7 b':-');->W:;::P::;-------
METER BOX NUMBER _,A/""-",1/<-=P-'~-------
METER L\H@ -:T'J~A"l?!e.~--------
K FACTOR UL!:-
pRE-TEST :-:LEA::'"iK~cH~E:-:C:-:K -::-RA::T:-:E -::Q:O(~):rs=--:-:CF:-:M:-::8:-;-h="-Hg 
POSTTESTLEAK CHECK RAJEO.Of5 CFMOL"Hg 
REFERENCE .1p oE I :: <) H e F {5" E E ff &' Ltn•• )' FILTER NUMBER lsi s !::>Ol/?2,, 

PITOT TUBE No. & Cp. ''S' » rt'I'E ' 
7 (!J PM ,Oa...-,/Vs rA'E4-"? SCHEMATIC OFTRAWERSE POINTLAYOUT L I 

'-=---' READ AND RECORD All. DATA EVERY £;; MINUTES I I - I 
ORIFICE P~ESSURE DRY GAS METER i 

TRAV£RSE RAPS£0 ctOCK TIME GAS MmR VROCITY I£AD DIFF£RENTIAL STACK TEMPERATURE PUMP SAMPLE BOX IMPINGER PROBE . I 
POINT NUMBER SAMPLING 124 hr ctOCKI READ I~ lap I In H o I A HI, in, H201 TEMPERATURE INLET OU~ VACUUM, TEMPERATURE, TEMPERATURE, TEMPERATURE, 311\1\c_; 

J 
'2 I . -
,:::/ >::; 
·i_ (....J 

('li !I. 
Q 

I 

h 0 - C; 

tf I~ 
:if 

lli C) 

-: ) ,n 
t] 

Vl 

TIM£. min • CV ml,ll s ' ' 2 IT I, "F "J In Hg "F oF ~ • · 
DES I RED ACTUAL s "• 1, 

1• '• \ • ; j , n aut · 

o /O:t./.3 1135.171 o-$Lo b.o 14-.3</-- he G9 s.s· Jl/ 02:lo lr,., --~ 
'-, •13'¥. '/il.7 0.'87/- .~).0 .1-·'1 1433 

_)u '/4~. 'i'l~ 0. "(;3 l.;t,o Lqs 14-33 
IS' Lf4-u:7~) Q, 'iJ /. 9:7, J.CJ~ ~~ 
,;Jo l4so.£J<:~ ().~ /.'JD I .96 I~ 
&6 "' VLUJ,J 

.c(l.t•..(:o.~:..e As-'1 ;51( {).9o1 &.df :,:;)., 00 )<3'1 

.~J l45'i?.S/3 Q,'(t; ().O</ q-.oo {t./.5-;;-

=3---... ._) 1/fiQ.t/F: (). '0£" ~.Ob iJ.?-:;- /43 I ( 

"'lo 14Mo-'/51v t).'i)"3 l5.c:o' il. C;(:; f~, ~q 
A:S 47o3'!o Q.<.i3 1.16' :////j Jf/.3'6' 
'5D \< FL«O l47..t.313 o, 'b-1 :J o"J ~ -CL-5' (15J l' L't.,'-·1-,~F-

55 '17 '.«/.!:;;" o,'d ;J,O'i I<V. r£ I cf_l/- ( 
liD 1'1,) 543 r:J,o7 ' 

4:7.:1,/>i. (1. 9J <) f. 91/l rd?-J~. K -

l7lP !7~ -5-S 
i 79 71- ~,5 

~,)._. 11.;:;- 5.~ 
(j(/ 77 (R 

)(5' 171 (p,5 
?{ S1 1 
~ "13 1-5 
99 '?-I 7 
cjo '65' ? 
q; l'tl, )\.5 
9SL "if1 <J 

n9&~ 

0)/'i?' c:Q,-3--"3 

~D"' Oil£!~ 

027i~ ,-:::J u I 
J.3J c'.) (c I 
;:jq;;_ 0)020 

02tl~ :::.J(p;;J. 

&<h a,}& a 
,:::1 tlil OJ&ll 
0260 ;;)fn:s' 

<161 &we ,:;> 

cvs,.:} &07 

.is;-" 
---i·· . 

Q 
4:--&> 

_4_:_<o-
&_i: 
s-
~-

t 
t. 

i 
t _6 _ 

~ 
_, 

6.0 
-(0? 

- .. 

)..._.;}, 



- ----·-·--·----~---------------- ---- --------------- -----·-

• 

CLEAN-UP DATA 

Plant A1autvD Comments: 

oate ,; etA! :!3 . /tJ' .> 
Sampling Loc~~o~ TivcavE81?TtJI? 
Sample Type EPJC .S- /!1t:JL)I£.0 

Run Number 3-:- P&a T - T!v 
Sample Box Number IV /'!,P,P 

Clean-up Man C/2, 1/ fVZ 

IMPINGERS 

7/f /J./ .JV C e:> .. ~.-e- c. r .f 
/J IV&> J./.2. t:J 

·Total Net Volume in Impingers _..;..1..!:...'1.:...:...:· CJ;;__ __ __:ml 

SILICA GEL 

Final Weight 6 B q • 3 
Initial Weight 67G .1. 
Net Weight 11·~ 

gJo>~·'g*g g g g 

g~ g g 

· Total Net Weight in Silica Gel --J.I-'7'-''-S::.-__ -'g.., 

Total Moisture f 7. ;;..1J g 1'7 

Filter Number(s) 501'62. 

MRC 7/73 
B-103 



(..--, ~ r 
EPA Mf. J 5 

FIELD DATA 

PLANT Mov.v.a INLEr ·PROBELENGTHANDTYPE :ier "111t:J c.-.. u:.tJ 
DATE t.htA<,2?/ 1 lfiS" Vv'I!STd D. NOZZLEI.D. Q,OO II D 

SAMPLING LOCATION - eli" - TE/111 f>. . .2l'Jf5v ASSUMED MOISTURE, •Hvt<L V..tll't l.nztt lv.J'I$7"£' 
SAMPLE TYPE FeED 811 rtf SAMPLE BOX NUMBER ~,Y'::'f\~.f'¥p _____ _ 
RUN NUMBE~ . · METER BOX NUMBER ..VA PP 
OPERATOR -, 'w 0JV6 .4~r METER <1H@ 1 · '¥1£ 
AMBIENT TEMPERATURE ~~~'-Y K FACTOR --:b')-+/":;-'A:~-----_---,--
BAROMETRIC PRESSURE •vli'. PRE-TESTLEAK CHECK RATE (>- 0 05 CFMi..iS.."Hg 
STAll C PRESSURE, (P I · ' : \'l-<:;~_q'1 POST TEST LEAK CHECK RATE 0· o lu CFM i _j_ "Hg 
Fl LTER NUMBER ( sl ~ S:9 I ? I , .._ f' LoW REFERENCE ,1p 111"' I :- 6 1-1 e t: ( 5" E E Lff c bH-)' 
PITOTTUBE No. & Cp. S rYJIE G,,_/o {!_~ ,~ ((U 14-; tfu 

? (fl PM p0 ~v...,srA'l£/l"? SCHEMATICOFTRA\IERSEPOINTLAVO~T /
5

.s<'/,. O:'l 
tp READ AND RECORD ALii DATA EVERY S MINUTES 
6 ORIFICE PRESSURE DRY GAS METER j 
"" TRAVERSE RAPSED QOCK TIME GAS MffiR VROCITY 1£AD DIFFERE~TIAL STACK lEMPERA!URE PUMP SAMPLE BOX IMPINGEA PROBE . '811'\'\tcl 

POINT NUMBER SAMPLING 124 hr. QOCKI READING tdp I, ln. H o t.1HI,In.j_ H20I lEMPER~URE INLElfl;oullEJ VACUUM, lEMPERA!URE, lEMPE:AlURE, lEMPE:.AlURE, ! , liME. min IV ml• Hl 5 2 . 1151, -r IT 1 "J IT - l."f In, Hg "f F t ,..,..: : 
DESIRED I ACTUAL • 10 •..,,· -<:::77 ' 

lo:bn bi__xJ.n~ o.~ l~i'TZI~.o7JI144c) __ l~t, ~~~1-.~::r _I &WI 1~ ]o.c;, t lJ 

J.s· 4\S&.r/ool 0.¥1_h.J.ollci!_o I I~? l:tLI'¥ilS,~c0Uf-- I I C')&.;>- 1-G.C:,! 
iU 
!£; 

)J9£\13?1 o,3'[ l,.,_o:7lo:b.c.6-l 'If-/-.;;(£! -1931 rnl~ l &17 1 I ;;JrtS 16-,2 
494YI.~ O:w l.;->.o~7ul~.osi14-J1I'13lli{[(v I ~:J.ifl ID?&.s ]s.;:;:J 

.:-)() 

,Jt) 
l42v-.'77l o:n l.}).o7l~-o5l 14-.)c:t-T~t./]~L(a _L::~d-? I l~<o4 Is. 0[ 
5W.'hll o.IT_Icl.o<kl P-osi- t4:t'il f9_<Llf'1J_~p,6-=--Lc.Y.'3b I I ,'Jro<l I 6-(, · 

l!fuc.-%'6'1 D.?J l«.aJI~-os-1 lEo 195"1~;1 1---.::z I ~31 I I &,(/J<f 15-¥> !-
IS!r.ti/71 o,~? l,v.oifi~.C6' I 143<} lf.Q_ll_Q_I 1 I a4L J~- I :J(o/s, 1-S-(,!. 

-.05' 14.3 6--.<e-f 
. ' 

l--!-';L<.·Q7_ .;'),o5 __1A3g ' 
~1~~ o. 81 IJ.ot! 1_.1Qil_ U 'fc[;l._ l9'tP I 'to I 7 .sl N. '1- '/- I ls209_ 
ls.::>l.:t~?! CJ.liy l:tn<l l.m5LJ431p I9<Lful___2 I ()(/f: I I c9Zo 1-5: 

0 _f-£0 iW _l53t.4lBI 1#-t 

I I lt/¥.&<2/la-93-1 I la.()l/7lt®<1-~l 19ul I I I I_ 



( 

5 C.,lfr./P9lf..t( J:;vt..lf'T 
CLEAN-UP DATA 

Plant Jl1 au tVD C:ollllllents: 

o'ate t!uu.:z4 .!fJ'F 
Sampling Locatio~ l/vcavE8HTt11? 
Sample Type Ef'lt s-- M".t:>IE.O 

Run Number Lf- Ptu4 r - TN 
Sample Box Number IV .1'1/',P 

Clean-up Man C-1) .. Tf"1 
I 

IMPINGERS 

Final Vol. 577.1 '}«'1. 5.:30.0~' 
Tnitial Vol. £36.0 fli £".22./jm11 

Net Vol. "1/.IIJ 1m$ b·tf /ml 

7R /1-1~ Ce> <. ~.-.e-e. r..r 
/} IV KJ !1..2. C) 

'Total Net Volume in Impingers _S:k./..o/ ·....;fw.O::__ _ ___:ml 

SILICA GEL 

Final Weight 698,() 
Initial Weight 6f?e 'i' 

Net Weight fJ, 7 

g;,~' 'g*g g g g 
g~ g . g 

Total Net Weight in Silfca 'Gel __ .tJ.g.._ . ..~.7~ _ _;g..., 

Total Moisture 6<?. G g.., 

Filter Number(s) Soi8/ 

MRC 7/73 
B-105 



'! 
,.., 
t' ) 

EPAMI D 5 
FIELD DATA 

() 

INt..Er 
PLANT MoC/.V.O PROBELENGTHANDTYPE 1Fr"l£lt7 Ce>oUL> 
DATE V/1,¥ .&~! , IU3" VVItSTG .....JL.. NOZZLEI.D,_,_'J'""--'""'"'--'1 ____ _ 

SAMPLING LOCATION WLJ- Sclivq-:pv !""I!MP. .;:>3/4l ASSUMED MOISTURE,'- lvtu. k'AAt t..um i.VH.fr£ 
SAMPLE TYPE Mt?b!..£!§12 h-1. Y" fi __ ED 8/j re(_s.'f.)_'-' ."";J L I ,)SAMPLE BOX NUMBER ~0!\:f'':P-;iP;-------
RUN NUMBE~ 0 - /?Asr: - I.v . METER BOX NUMBER ~k'=-<11:<..;1''--'~'--------
0PERATOR kAn-t! Cole= AftF>~ C;;;b!Go, vuo'<ur Ow6 A.4r METER .1H@ \: 'i.st.r 
AMBIENT TEMPERATURE 5 ° ONLY' dtn.y K FACTOR w/f:! 
BAROMETR I C PRESSURE ,.:JC>. PRE-TESTL_EA::::KI--0-CH_E_C_K_R-AT-E---:0:-. ,-) 17<-, -C-FM-8-:i--5----:"-Hg 
STATIC PRESSURE, IP I s..cl.' .. B..C-1. c. POSTTESTLEAK CHECK RATE O.Cli~ CFM 8 ....2..... "Hg 
FILTER NUMBER lsi 

5 
-S7.•i ',i;(, .._ if" LoW' REFERENCE .1p Of" I::: <Q !:1.. e~ [5' EE 4£L"''*') 

tJJ 7 f!l PII'J ,po,..,.__s r_,.,E/1~ SCHEMATIC OFTRAVERSE POINTLAVO~T 
PI TOT TUBE No. & Cp. •' $" " rt".'E ' . I I · 

~ READ AND RECORD AllL DATA EVERY 5 MINUTES 0 

"' • I I I ORIFICE 1\RESSURE DRY GAS METER 
GAS METER VElOCITY II'AD DlffERtNTIAL STACK TEMPERATURE PUMP SAMPLE BOX IMPINGER PROBE . c· TRAVERSE I ElAPSED I CLOCK TIME 

SAMPliNG READ I~ ldp I, in, H O I dHI, hi. H20I ~PERATURE INLET~;OUTLET VACUUM, TEMPERATURE, TEMPE:ATURE, TEMPERATURE,! .:::;~ 
IVml,ll S 2 ; IT51,"f IT I "fiT \'F ln .. Hg "f f "f 

DESIRED ljACTUAL • 1n' •..,1 

POINT NUMBER TIME, min 124 hr. CLOCKI 

"' 6 i-7i'd /. ~ IJ."ft..lb.?lRT,qf_; l r..:i&IHI itlJo(,, l__ UJ -:YL7 ld_0 0 10: ·Fl 
'~ ~(_·. s~s. ~7d I·,:)___ I ;A. 7?oi!.:;J.f.j_"j,/_3JLL_L7DI 7(~ rm (o I d~-:::},. I I ,-=:J-57.,: ll/,c;L 

~~-

"::(_ 
/(0 I 15-</0,~'151 1~2" ~ ~~-61Qii.;,?.7~~-S f'TI(Zbz Lz I c"Y-~'1 I I .;)~'} I $/,~ 
/'-i ~i/"!;,0/L }. ~ J,~.;l...!:?8 l377 /5\P ?'i{ '7:< c-;:t;:v'__, ,:J(,.,{ .!)~ 

c)o 154-1.7/o / •. ">.. c.J,~;i ;t.l!'.:L t-390 1<'>" <t"l ? r:}.L/d.... CJ.&<J 
t0 5' s5i. 1/o; /.;).... .;:~ .'1:').. : ..J., r" ~L 3? ::z, ___ 'J o . f"~ ~ ,::J 4 7 0! tA" d#~ 

...J ' .:0... "1 

"" v 
~ri 0 

1 , 11 ;;;() 5-#.oS';.z. /./.5 d-'8" i:~,75 li'!I;O 'li titf_ 7 Oibu .-5(orr 3-{e_ 
I r2 c , 35' 1')/d'. trzs I, 1 ~, lo i ,;r, G /..3)-t{ 9:-l. if"") l? .:) so ,::J.(J 7 __ cj___ 

~ o v </- o .:; 4, r .:JJ J. I :J • .., ") l.;.1, !> b' I ~1SA{ _ Q,~ '6__7 7 JLj 2 :;>.&'6 --'S • \o 
1 _ 1-- I _tb- I . ls!J.1-NI /. o~ IJ.il lb ~<"I t3f<r, I '/'c/ I Sh1 I ? I .;.?53 I I J&0 3' (',. 

... , ,\t I .:)v I h7Z . .Z<:.7I_L·oS. b>._{·'z L-..:>.i-5'1 /..?')I I'/<L_I'.r_E I ?.s-L·51S:;> I I d&'¥ 3-(<, 
~ 0 sr ~~~ ~ ' "7 ' ~G:z..... 

I] (_, (J 

1,? 

rJV .??...:z I ;. or. <t ;;1., &31\ /!>_'1f(. 0 1~.4 



( 

CLEAN-UP DATA 

Plant A112 u &D Collllllents: 

Date r/ d A! :2.1"; _ltJ' F 
Sampling Location TtvcttvEf[I?Tdl? 
Sample Type EI'.IJ s-- MoDIE.O 

Run Number .f- f'&.a r - TN 
Sample Box Number A/.191"1" 
Clean-up Man C.b.TM 

I 

IMPINGERS 

Final Vol. Shs:f'f'Il'J 
Tni tial Vol. S.3'7.3(mi 

Net Vol. Ql'?. ;o 1m$ 

53 i ·I :J'D'f. 
$27.9qmSI 

I 

;) .d..jml 

'Total Net Volume in Impingers 

7/:?19,~ C"'<.a:c:. r..r 

,.t) IV D 16. (:} 

- Total Net Weight in Silica Gel __ /:...:f..:-.::.3 ___ -'g"'' 

Total Moisture 0 4. (?J . g 167 

Filter Number(s) S0/80 

MRC 7/73 
B-107 

---,-----···-·--·--. --· ·-----· ... - --- ···- - . 



tJj 
I 

..... 
0 
CX) 

.. 
·, 

'i ,. 

. ....... 

. i 
E'PA METtfOD 5 

FIELD DATA 

.,_, ,:, ';' ,~ .,,., "'! '1 .:· .... ~··:· '-, .• , .. 

' . ... : ........ .... ~· .... , 

I l -· 

I.vt.er 
PLANT Mov.v..o PROBELENGTHANDTYPE lET'' /t'~t' C<>ot.e~ 
DATE V.lltf/ ~2 1 lfi.r \,../MTIS _'D NOZZLE I. D. ~(_,:):..:·:'S~c~J-:-··---:-:------;--, 
SAMPLING LOCATION WJ?- SS1<'8-.T..V TeMP. O?tctfF- · ASSUMED MOISTURE,., Ww .. (/,,,. t.om /.v;tsr£ 
SAMPLE TYPE Mt21U...£!.§tJ EP,IIJ_ y- FEED 8Jt r',E (~.a~) SAMPLE BOX NUMBER -:Jl~)~l\f1'±::) ,-------
RUN NUMBER (J - f?Aa;r. - ·..r N ~os- METER BOX NUMBER ~..V~/I~Jf't::..'P ______ _ 
OPERATOR Krmh£;Lib .f\f'±~<~, 12o..:t:. OA16 A•r METER LlH@_I_. ?4o 
AMBIENT TEMPERATURE 7 ° tJIIt.Y K FACTOR __Jh,r:.,~:vlr.rf\~-----:-:---....,..--
BAROMETRI C PRESSURE ,..yc) PRE-TESTLEA~CHECK RATE o .. o/0 CFM i It:; "Hg, 
STATIC PRESSURE, IP I ~<c 'BFuY.i!l POSTTESTLEAK CHECK RATEO-~.,;>o CFMi IS "Hg 
FILTERNUMBERisl ,~6f,>172 , ._!FLoW REFERENCELlp a£/.: 6 H _eF {ft:E tfEi!.d'-') 
PI TOT TUBE No. & Cp. $' rYNi I I 

7 (!J PM Po~v..vs r.!f£4""? SCHEMATIC OFTR~VERSE POINTLAVO_UT. 

READ AND RECORD AILL DATA EVERY 5 MINUTES I 
ORIFICE ~RESSURE DRY GAS METER 

TRAVIRSE ELAPSED Q.OCK TIM£ GAS METER VELOCITY HEAD DIFFERENTIAL STACK TEMPERATURE PUMP SAMPLE BOX IMPINGER PROBE 
POl NT NUMBER SAMPLING 124 hr. Q.OCKI READING 

Ill psi. ln. H2o I i1HI, 1~. H201 TEMPERATURE VACUUM, TEMPERATURE, TEMPERATURE, TEMPERATURE, 3fl\nc_ TIME, min IV ml,ft3 ITs'· "F INLET oun~ ln. Hg Of "F DESIRED !ACTUAL (fill t,'\' ''· t "F 
In aut 

;.;; i (J Jl!::;} "> l~.::v/ I .;~<; 1.~. ~.J I a. 8'.)... l2it>S ?N ¥2" (p ;c- - I C-"" rf' - (,;, '--' 

"l fi .. .:_-; b-qo.9(d. 1:1 SJ.S;:;>.. i ,:).75 l;?.'i?3 </(, Cft 7 ~0'7 £),; "" "' SJ.1::< !:),~ 
(~ i-1 ll J .')'/!;,-. 7.<-, ...... 1- <Y5 ,:).9/ I.,::>. ?•:; Jr199 197 Ch_ 7.S .::J,:). ~ ;)?</ z., 
·~ I' I< (,/)6.t:XD , ... )_.:; ~-91 ia:>, \?S {::!.,<)(,, w 9,-'J '{ <~ 3."-J"" .::';/0/ s-
\ ! \\- Jo MJ.b-:'3bG- J, :J.s cJ. c;;; 

! C\l' 2i" /_:{OL/ 9~"/ ~ )(',::, <1C/3 o)5'"1) s-0 1- v ,y; I tolD ./.;J</ /."J.., ;;) . 91/- 1!.-.I.S'S l'39o 9>i' 93 <J.s- <1!/9 II ,{J£7 .s-
'~ c). "o (,, I:/ '!;';>,1f ,. I . ' 

n° r ~ 
U) -%, 

iJJO 
.~ ) 
•J. ' 

G'> 
><s JN ._rIlL 1 'd~7 1?,';;} ';( 

>---- ill - - ->- - ------· -- ·--- --· ·-- - - -



I 
' 

5 C-,1/f t/B PE_.t( I .IV Ll?T 

CLEAN-UP DATA 

Plant Jl1a u MD Comments: 7/:i/9/JV c~<.t-1:-t:. r.f 

/iuD J6_o Date ,JiliN .;Jj', Itt?.> 
Sampling Locatio; TMc /!Vli!li?TtJI? 
Sample Type EP/1- s-- Mo.on:;.o 
Run. Number h- /?&aT - .Ijv 
Sample Box Number A/ /'I T'T' 
Clean-up Man..::,(!.:..~!J~''-'(u;I.:.J· 6::r_ ___ _ 

IMPINGERS 

SILICA GEL 

Final Weight 

Initial Weight &30, 3 

Net Weight 74 5 

I"" MI.. (}.f N .A{:t::J/1 

.9. EP/""T"Y 
#3 N4 #5 

gPJ~'g*g g g g 

g~ g g 

Total Net Weight in Silica Gel _,.:.7...:-..:.fr_-___ ,g.., 

Total Moisture 3 l.f, J g.., 

50 1 .. 11..1 Filter Number(s) J 

MRC 7/73 
B-109 

-----·---. - --~----------· ---- ---------------



tJj 
I 

1-' 
1-' 
0 

EPA Ml il 5 
FIELD DATA 

.~· 

INt.Er 
PLANT M 0 V A/-D ~ PROBELENGTI:I AND TYPE 1 er" ~ t7 Caaa:~ 
DATE V/itf<_')u J lf!S" v../Mrli _n_ NOZZLEI.D,__,;O:.;;.:c:?;_;o_'_'-:------:--:---
SAMPLING LOCATION WD- Scli~-I,v TeMp. ix'Ylf~ ASSUMED MOISTURE 'lo l..v"~ k'Mt l.u r& lvAJ"rE 
SAMPLE TYPE Matu.£L§tJ E~A s- FeED 811 r;E . i3117!Y, v SAMPLE BOX NUMBER 

77
ffi-;;f'l?":;';\):;--------

RUN NUMBER ..:1. -J?An;.- .I',v METER BOX NUMBER ~A/=.,A::..:_P,_'P ______ _ 
OPERATOR VfiliiL''f.'_ocJ<c:._, J\i2-KSJ£ot>}~ 0¥6 Ao4r METER LlHC!,--,-J..:\._,1&=-.· -...:.·--------
AMBIENT TEMPERATURE 5.,1, 0 tJ m.y K FACTOR 0 J!\-
BAROMETRIC PRESSURE • · ::3· '' PRE-TESTL_E,t,.A~'.p;.CH'--E-CK-RA_T_E_(,-.~-~f~5--CF_M_O_t~-~ ~ .. -Hg 
STATIC PRESSURE, (P I :3F • Bf'lrl{• POSTTESTLEAK CHECK RATE<l-CC•.J- CFM 0 _w_ "Hg 
FILTER NUMBER lsi 

5 
.5'<>/ 7r!i' ~ !FLoW REFERENCE Llp o£ I.:: <) H q,c {fEE i[EL<?w-) 

PilOT TUBE No. & Cp. ''t;" TYI'E' -- c/1./;;L, 19-7, 0 j:~%.Cb,CC- 1 J. 17 
7 f!J .OM ,Oo~.....-s rA'E,f"'? SCHEMATIC OFTR~VERSE P01NTLAYOUT . - "' ' (r;:f " 9~ "'"' .. l!' q. 

. ,- 1"1-. co, }", <.:.0 
READ AND RECORD A~l DATA EVERY --=> MINUTES 

ORIFICE ~RES SURE DRY GAS METER 
TRAVERSE ElAPSED ClOCK TIM£ GAS M£T£R VElOCITY IIAD DIFFERENTIAL STACK TEMPERATURE PUMP SAMPLE BOX IMPINGER PROBE . 

POINT NUMBER STAMPLING
1 124 hr ClOCK I READING) l<lp I In H O I AHI,I~. H20I TEMPER~URE INlET OUT~ VACUUM, TEMPERATURE, TEMPERATURE. TEMPERATURE, Sffrrl: I ME. m n • IV I, H s' ' 2 I IT I ·r In Hg o.- o o.. 

m DESIREDIACTUAl s· "• L"f"• '· • ,. f t "-'':'? In Gul 

·~ 13:"-)'1 1-1~-J..'t'. O.oL, o.i& !o./tp //9.-=).. 0~- h3 J_ /'/;:).. ·'XOj, 
o 5 1~/l,t/X':J, /'>_{'l_Z"5 n,j(,..i0.f5' i/'61-/ {o7 &</ ;)_/J ct/~. /1/ !j.l?" 

() 10 LP/7 -/,(>2 (J.D-'.:,- 0./!n lo.!r;, -117'if (,,') f1-l .':1.5" ,;)f? DlV/ !i-
.J 1- 1c;· fP/'l.7'f{p O.oz£' o.l& io.f5 J/77 lo \to1 .:1-s- ,:Q,;J.o .::JL?> </ 
' u -.>o {p/9.8VCJ 1).05 o.;(J io.JL/ i/179 7.'$ 7.}.. 1:7.5 ·01/? .::>3~:;- -¥ 
1; 6 u.s- 1 &.Jo.9~;. o.o..- o.JJ. lb.;:3 J/15'" 13 13 i:i .;J~3 a</& tj-
, , ::1_-, ltiJc'Jfl'l'ls a.o5 o-18 !o./.15 ; 1 (7.:3 73 7'-/ 3._ c)~~, ~1~~ ,=r <J 
.t; 0 3~-; lt..2.nX? o.o!, 6./;'1, 'o,,~ tt7o N 7</ a Q.::n Dls-</ 3.2 
.G t/0 iJ>:di/,r:J{q /iJ,DJ:C, ln.l:~.\lo,j3 JJ4>S- "7.'>- 7.'51&.5'" .;)21.7 <:)S~) 3-9 
'-~" t~ Lh, \Jil£>- O?J ().0 </.5' ), J.;l_ i O. I;>... liS~') 7t; 7(- ;:3 c;!Y;- cJ~;t( 3- C) 
u) '1- ':>P J.b.D1J.. n.o</ (l. 11 ,6.// nq, 7(; 77 ~ 0Qc; --;)sf{ 3-2 
."~. -~- ~?1 fo:rl·0?J o.rA o.11 l'o.// !/53 7717ii'!:3.s- c::Jc;n d':i-1 3.5>' 
Q u (0o ({>J'f 0¥ t\cii 6.1( 1(>,1( /f5S Ti 79 ~.£ ;::>'-~..-,- ";I.5/ 3-J_ 
~? c' ~-, L.,- 6}l00?> o,~_::tj o,ff o.lo 11£.::!, ?t;; ·77 ~.s ;);;q <V~-d... 3-? 

-4f!;7t' ;-.. r?'/1/.~ O.o'l if'lll lo.!Ot> !/51 75 77 ""· 7 ,;{,:;tc,. ,.)f)! __ 3.7 



I 

I 

tJj 

' ..... 
..... 
..... 

PLANT /1 o v NP 

TRAII£RSE ELAPSED 

POINT NUMBER 
SAMPliNG 
TIM£, min 

Jc) 
'61:1 
'ii'S-
') ._., 

<J:<i 

/l'lO 

I o '"::> 
1/D 
!15"' 
/;)u 

I ::;1 c; 

~< 

..• 

+--

ClOCK TIM£ GASMffiR 

124 hr. ClOCK I READING 
tv m'· fiJ 

I;.;So.CJ;o 
{;31.'101 

&3l, xJ;;.. 

{p3..'3 .7tl9 
(,, 31. {(?i{ 

~~~-.A.":J~ 

ffl ?{p • r:; 7(1 

w:JI t/ft>'i/ 
I fn 'llf,?.j::{ 

I ~39 . .;;>Y> 

lto'f l&t/o, /of 

,:;.,{ y J'} 

'I 

DATE J..!.,v -~./fSP 
> 

ORIFIC£ PRESSURE 
VELOCITY HEAD 01 FFERENTI AL STACK 

f.lp,J, ln. H2o I <1 HI, ln. H20 I TEMPERATURE 
ITs'· "F 

DESIRED ACTUAL 

o. b~·"- 0.1/. 0,/05 }fl . ;)" 

o.o~s- 0. IV O.!o6 . I It., 6 
(). o:3.t:: II\, tn (). /() 114 ~ ·~ 

O.o3~ o.;o 0, 10 114 5 
o.o?,=> o.;o 0 ,;o I 11.1 ,;2.. 

{).6-:J,t.J" C>. ID o.D9.s !fLit 
n. t>6.r.; o.Jo In. Ia lt39 
11. o3o u Ji"i. D.tA6 . J/3( 
() ' (.)_--;; o. o'f<l. o.o~ 113 (p 

n,o~ o.o'ii</ O(lb'O /133 
~ ,c,J 

o. :n3t/ (l 'Jl L/)J /J.57. 'J 

RUNNO. f - f'AA[". o::-J',v 

DRY GAS METER 
TEMPERATURE PUMP SAMPLE BOX IMPINGER . PROBE 

VACUUM, TEMPERATURE, TEMPERATURE, TEMPERATURE, 
INLET OUTL~ ln. 11g .f 0., f)~· n. 1. a, "• ~ "F 

In ool 

/S 77 If ~;';) 1l c\15V 3-_2_ 

7-J 7'1: l/. ,.:::>~·-; () l,(q •?'}_ ,:> • 

77 ?q Lf. .;1(->'> .;rlJc; ~ . .?' 
79 ~) <j ,) .;J<.j .:Jc./f) 3-8 
7<J ?1 if .;) c:::J&....- ~1" ."{ . 'if' 

<?/ 'i1 L/ A,.:::i5" dw n~f" 

ISV 'Y! t.! c)C'.<"'__, Qc/>6' 3-h'"" 

Xh y.~ IL ?W5 . ...Jl!R' . =5..¥ 
'?i{ 'i?3 ¥-:5 c;:>d_,;i :247 . ~ ?" ' ~~ 

'?.:>- ;{3 4.<; QQ.;;>_ .;?i.. 7 ! 3-li"' 

.. 

. 

0; {.Clz /) 1-. 
I //1.. r-~u ~. ~} f- 9;:, )1. ,'( 'f N 7tt, d,. ~A J ::: 2.'f. <; 

44.~ 

I 

7S.l 



/' 

~ ___ '*--l-MffYLwe.r- 11=1 "-'u.r 

5 C.../1th9Pc-'? IA-'t.C:j
cLEAN-UP DATA 

&-~7 # 2 c/e_e,r 
o.:fter ~"'UV1. 

Plant 1'1a u tV..O Comments: 

Date tfd,A/30. lfJ'F 
Sampling Locatio~ TIL/ctN¢.f19Tt11? 

Sample Type EP/1 s-- Ma.oiE.O 
Run Number 7- PAA r - Ijv 
Sample Box Number lf/.19,.P;P 

7/?/f.t;V C~t.t-EC r..r 

~.VD h'.:z.~ 

Clean-up Man tJt~hvze. 

IMPINGERS 

·Total Net Volume in Impingers J-)7, 1 ml 

Total Net Weight in Silica Gel __ '7~·-~ __ __,g..., 

Total Moisture f-{, 3 • 7 g.., 

Filter Number(s) S0/78 

MRC 7/73 
B-112 

.. -· -··----------·---



i 
~ 

PlANT J11 0 V v.o 
DATE iZJi&< '•I J I fiS 
SAMPLING lOCATION~- ScJiv~-¥ 
SAMPlE TYPE Maa ED £p, 
RUN NUMBER ·; - P~sz: - I..v 
OPERATOR 1 1~<'->--1'>1-'<-~, -,,.,.,-: 

AMBIENT TEMPERATURE lola 0 -

IIAROMETRI C PRESSURE ~~-"~I 1 ({? 
STATIC PRESSURE, IP Is-~- -l'fcLo,(1 ~""' 
FILTER NUMBER (sl 5 so I] 7 
PI TOT TUBE No. & Cp. •' £ " rrn< ' 

r-

Et'A Ml D 5 
FIELD DATA 

1\ PROBE lENGTH AND 1YPE $.Er ., Jll t7 CooU'-LI 
_ f--'< NOZZlE I. D. 0 ,3C/_1 " 

0 

5if"'!:'l'' "' ASSUMED MOl STURE,% l.vw. v,.,. r l.n m f.v:HrrE 

I;vu;r 

:i?i]& SAMPlE BOX NUMBER --:-;>1-:;-)1\1~=';;-,.,.\'_5' ____ _ 

t--~-:-:-:-:-:-::::;--:--:-----nv--::;"'-' .,-' METER BOX NUMBER _.tV""---"19'-1"'-''P'--------
--- "' - - A ' METER LlH@""i_.'i?t.>.-;,. _________ _ 

VviMT/i$ 
TC/111". 
FUD f&rE 

.._ FLoW 

K FACTOR _,il,;,p..>-:-:------::--:-:-----:=
PRE-TESTLEAK CHECK RATE Q,C'£? I CFM i IS""Hg 
POSHESTLEAK CHECK RATE -r-' I CFM@ _1_- "Hg 
REFERENCE Llp QE I:- 0 H qE UEE ,4£'Ld'-') 

7 ((J PM ,Oow.-vsrA'E;I!P? SCHEMATICOFTRAVERSEPOINHAVOUT 
CO! I~: 1 u.- \'<i'Y~ o,__ 4 Y01 (l_D.;>. 

Q' _l -;;;>, •, Ol- (,, I :;'/.'-5! Oa. ~ 'h<' -9._ 

READ AND RECORD All DATA EVERY ~; MINUTES /,' 1. · .• :.,-

-ORIFICE PRESSURE 
ttl 

I I TRAVERSE l ElAPSED I CLOCK TIME 
>--' SAMPLING 
:::; POINT NUMBER TIME, min 124 hr. CLOCK I 

GAS METER [VELOCITY HEAD DIFFERENTIAl 
READING! l&p I in H O I .1HI,In, H2ot 
IVI,H 5''2 

m DES I REO ACTUAL 

STACK DRY GAS METER 
TEMPERATURE TEMPERATURE PUMP 

IT I, "F INLET OUnET VACUUM, 
5 "• ~"J 11 ~., ln. Hg 

SAMPLE BOX I DMPINGER 
TEMPERATURE, TEMPERATUR~ 

"F oF 

PROBE 
TEMPERATURE,~~~ 

' JV;:p 

)? !:) 
·- ~ 

Q_ :::: 
--f; IL 

J' 

0 

£"; 

__ill 

'""' 
c:~:y:·:-J 

<::)5 
Q5 

I '1; I 'I LAo .. ;;tu-: 
(p ~l&:l'i' 
~ 

\3' 8?> lrrA4._ 

In •out 

o.c-6 10.~11 lo.;~d_l\4-"6"i" llo'? I w~ 
C>,o<a ID.Qll I n·;Jlj_ 1t4'1 T 7c:)l CP-1 
o_o_s:lo.d-llo·a-61 \\4:? l7t lloz' 

4 
_!{ 

-"O' ' -(X ,_) 

,::;>I 
C) I (,L 

.--511 0-. I '3- c;J 

12 I ·s-
6)30 15-d 

IM/..9."51/I (JLD'l__lo.rz IQ,L2llta-LI TLhCe_l .~'3.~; {__cllio _I___ I d..L/.9 ]_.:;.~ 
-\j) -=- l ;;J~ I ~~~~~ __ l'f'£'.flQ_I o,ocf' lo.nlo·r/1113</ In h7 l3.s I G//{o I L.;(',(-0 L..,. </ 

1/ IT_21.; r~_1~w~lc).oll l(hf:Lbo~1LII~LI79177 I 3-.? L~;{P I _- I J?0 I~ 
<2 ~~ r 4or-~- j;_~o.tn"~r-~::L~itlo.hw/1 Tlao u~ 17ZT~ .. ~~ 1 iVcz ___ l - 1 D<tf'il. 1 ~LI-
~ ?- 1_46 I - ~5L'l~ t).c~i=>'JChiliQ.nl IL I'LI1r 179 I 3.'~;-1 0/'t I I c))&~ I:' 1-

\:l:1 _.c,-o :53.6so D.o3 o.l5 -.--_- T -~= 
r. -·; s~ 'd./7& o.DS o.J!:f D. 12 lila 
~ ·roo S'D 3 ~ 

U •• ~ - C+. -, ~:-
-) 'i 1 ~ ou --:::> •• ::;, ' ,_ u 

I 7~~ v----



'.i 

t!l 
I ,_. ,_. ... 

) 

PLANT /1 o v NP 

TRAVERSE ELAPSED 

POINT NUMBER 
SAMPLING 
TIM£. min 

. 7o 

'---

O.OCK TIME CAS METER 
124 hr. O.OCKI READING 

IVmJ,Hl 

(p<-j/. t./!JJ 

. 

) 

DATE J;J..A/,Jp) ./?,$~ 
' > 

ORIFICE PRESSURE 
VELOCITY 1£AD DlfltRENTIAL STACK 
1-lp,l, ln. H2o l.dH/, in. H20I TEMPERATURE 

IT sl• "r 
DES I R(O ACTUAL 

I........J.=I I a;: ::J> 

' 
I 

' 
! 

' ! 

' ' 

! 

I 

! 
! 
I 

' 

I 

' 

' 

' 

' 
! 

' I 

' 
' 

i 

------

~ .. 
RUN NO. \?' - PAAr . .,.. I .A/ 

DRY GAS METER 
TEMPERATURE PUMP SAMPLE BOX IMPINGER PROBE 

VACUUM, TEMPERATURE, TEMPERATURE, TEMPERATURE, ~· INLET OUTL~ ln. Hg •r "F "• 1."1 '• ~ "r 
In tut 

. 

. 



\ 
5 C-Pl vD O'E;tf( .): IV t..l?T 

CLEAN-UP DATA 

Plant A1a u IVD Col!llllents: "7/:i.IIJ./IV CeHt-Ec. r..r 
Date r!dtV31. If#.> 
Sampling Locatio~ 1/vcavE,.{(I?TtJI? 
Sample Type Ef'/t s-- Ma~IED 

A .v D /1.2- t:J 

Run Number B- PAA r - .TN 
Sample Bqx Number ;I/ A ;P,P 

Clean-up Man (Y)Bb<'le _ 

. l,jd MI.. 0·1 IV 

.....-r £7 fi..,.I"IY 
#l ~ .~ #3 64 

IMPINGERS 

#5 

Final Vol. 

rni tial Vol. 

Net Vol. 

60S.6JD1:'! 
::t3'1. 6 7mi 

?r. 2.ym$ 

&22.z,mi 
S".2a 6 qmS! 

' f. C /m"J. 

4'20.DJ~ -x:-ml *ml 
f/7',3jmJ.. ml . ml 

O.')m~ ml ml 

·Total Net Volume in Impingers 71, C ml 

Total Net Weight in Silica Gel ---<.>=-'-' C<--__ _..g"" 

Total Moisture g.., 

Filter Number(s) OQ/77 

MRC 7173 
B-115 

~- !-~-~- -----·--



: 
I 
' ' i 
i 

(\ 
' 

EPA Ml D 5 
FIELD DATA 

. PLANT Jt1 0 V A./.D 

DATE JAIN ,"'){ 1 I fiS" 
SAMPliNG LOCATION dfr ScJiv~-.TJI/ 
SAMPLE TYPE Mao E() U Y 

vhtrlif 
TC/111'. 

FEED 8JtTiE 

IiVLEr 

....b_ 
~-

PROBE LENGTH AND TYP~ 1 er " Jtl t:J C<><>U".LJ 
NOZZLE I. D. -"'-0.:...:"'-":>,c..,_r '/_"'-:-'---:------,...... 

ASSUMED MOl STURE, 'J.I.1/Jt!. V·M t t.u rtt lv'K.S"rE 
SAMPLE BOX NUMBER -;t';");;:flrt'~P _____ _ 

RUN NUMBER 'J - P4~z: - I.v 
OPERATOR H\'nltce,,.:.c==\'.1-l"'>rC'L•0l-, 
AMBIENT TEMPERATURE (r!1 o -
BAROMETRIC PRESSURE 0Yi .c;.f ' ({? 

~ 
OAJII A.4r 
tJ(.ILy 

METER BOX NUMBER _.A/=-<.11:....:1"'-'i&''-------
METER L\H@ "7~'\''T,S'L~· ---------
K FACTOR b) /A 
PRE-TESTL-EA--'K"\1,wCHC>.E-C_K_R-AT_E_c--,,e,-r--; ,,---C-FM-8-1.,.,5,---"-Hg 

STATIC PRESSURE IP I ";c.c~ 88..c'lt 7 "" 
FILTER NUMBER lsi 5 .5t> rJ(f 
PilOT TUBE No. & Cp, ''S', rr.-.c ' 

.._ FLoW' 
POST TEST LEAK CHECK RATE CFM 8 _ "Hg 
REFERENCE L\p q£ I:: ~ H pF {fEE 5.s-tt.,.w) 

( Ol 1-/: o '~h? % ~D 
: iJ_::>, '7-: ()< 3 ~; % 0..0 .;l., 

MINUTES 

7 f!J PM ,Oo ""..v s r .-r £4""7 SCHEMATIC OFTRAVERSE POINTLAVOUT 

. READ AND RECORD All DATA EVERY ~:;- /!.-· ,<: I ·• • 'j' ;.,·~-- .'!•/J._,I_-~1~~ 

ORIFICE ~RESSURE DRY GAS METER 
TRAVERSE ELAPSED Q.OCK TIME GAS MffiR VELOCITY tlAD DIFFERENTIAL STACK TEMPERATURE PUMP SAMPLE BOX IMPINGER PROBE 

tl! POINT NUMBER SAMPLING 124 hr Q.OCKI READING3 l.1p I In H O C A HI, ln. H201 TEMPERATURE INlET OU~ VACUUM, TEMPERATURE, TEMPERATURE, TEMPERATURE, fSTA!t... 
1 TIME, min ' IV 1,11 s' ' 2 CT I "F In Hg o.. o o.. 

>-' m DES I RED ACTUAL s' "• I, "f "• l ' ,. f t ,1./~ 
~ In ·WI 

"' c /Tn (r.c,J.Ino,).. 0;03 o.l'i' a, i8" /lo I Ti ·79 <>IOCl /,!,/'.' - :;J."6 

f) 
c:2, \-

--'-' 
_j 'J 

(}_ ::.::> 
fFP, 
0/ II 

J- 0 

'J I r" -·n: il.J 
~) 

14{ L.]J 
_,\ .-··-~ 

"-' -- .. 
_17l 

,~ 

_) 

/G 

J.5.... 
;"J.o 
j_~ 
'? 

,")() 

,, -
,:J"_l 

tj() 
_jj•• 
'':>1:> 
:,6-
lf,() 

it6'?..'d6 n.o3 .0.l'L. _Q.i_7 /oo'] Yd-. J!'L a/.-.. ':J _<Y0-'3 ·_I CJ:.V-""=> ~-'' 
>L·c.: BLA·..:J~"4·/.3(p.1.l g,:~~ I o.rd 0.37 I t/57_ ~~;ll 'IJ'(J I L/ I ~o<j_ I I~ 

li'·"{o?IR I o.oce I 0.3(p llo.~·>l lt6'd-. I &'sl vr r-Y' I 0Jtd.... c;lc';> (J .;,.c.; 
...a._<Ls-{d//. )~g D.6 7 I 1J.3l.- II o-.3:,-U15::3 I ~.::).ll?d-1 L/ I dl'i 
c13 J o~loc3V>LL65l I f'c>,lli'.)....l l/,51 .) /.3 

~)5' o-3&~o.3EI 1149 l_lli_ls~ Li:2"1 a;:,c;-
o.6lo I o .351 114-"l I ):;~')I J>,~ c-)5-~) s-

co:.> 0 " 

cl.</-_ 
~~--
-;:y,</-· 

CJ-3/o ~ 0. 3~ I I 14-1 ~~11 "6'3 ,c.·-
._) c<::ifP_/_ · 2\>.L 

o.3/e 1 o. ?1.{ I l14f:'>-
o · 301 () .c1(o I _l I 4::; 
6.&1 0 .;tl 114(p 

5' 
·5.5 
,~--~- 'Ol(pd.. 

0\J, </-
~4 
<:Y. cJ 

___K~ 1'6'5 QCt•3 

.r.:./_183 o:<(o,').,_ 

o31 'iB 

10.">:.1.6' I 1/S&. ,J...I I ~-U 



·s c.ptvPPE"( I..vt..!!?r 
CLEAN-UP DATA 

Plant Ma u tV{J Comments: 

Date di1N31 . Itt?.> 
Sampling Locatio; &caVEfi/9T(Jir 
Sample Type Ef'l! s-- MtJDIF.O 

Run Number 9 - P&e T - .Ttv 
Sample Box Number ;1/ /!I" I" 
Clean-up Man. _______ _ 

IMPINGERS 

Final Vol. 5'1'7. 7 J~~I1 
Tnitial Vol. 535.7 7m!. 
Net Vol. (, 2..o 1m$ 

7/UJ./ .V C e> <. t-Ef c. T ..r 
,!!IV D f/.2. t:) 

·Total Net Volume in Impingers _....;k.._'f.-'g'-----'ml 

SILICA GEL 

Final Weight 

Initial Weight 

Net Weight 

6 5:<,. 6 
648.5 

4 . I 
·: \1! v : 
g~~g ~g 

· Total Net Weight in Silica Gel __ '-'_'_\ __ ___,g..., 

Total Moisture -I,).~ .::...V -'~l...--g.., 

Filter Number(s) 5bl76 
h~u...--

MRC 7/73 
B-117 

.,_ 



; ·, _ _, -r~~;~u()e --5~\ 
l1f\CfL 11A f?E' I-lk? l 

VO S·T SAMPLING• DATA FORM 

~"! .S6 
- 0 () 16 ~fi\<l' 
. --:~ ·! g~ te.uy 

).. C'J 'L/ (, 

IJ:l 
I 

f-' 
f-' 

"' 

- -
Plant name /t1DY1 f>·anfo ft1tJu?ti! 
Sample location .S"urul)be.r Ou-t..&J: 
Opera tor .JPe.,f.f/f'S.. 
Barometric pressure, mm (in.) llg 0{0,"-/~ 

Probe material __ . ...:.T-=eC!f-'&n.==--=----------
Heter box number ----'1f-'-.-'2=------
Ambient temperature, °C (°F) Czf;PF 
Initial leak check !',1;0 ml.-/r>tirt@ /0 ivt H[f 
Final leak check---·--------~ 

Sampling Clock Sample Sample flow 
time, time, volume, rate setting, 

min 24 h Jl (ft3 ) Jl/min (ft
3

/miri) 

/ .. 

/ 

/ /, 
I / 

/ / 
/ \ . / 

/ 

Total Total 

8 Percent deviation = 
llV. - llV avg m m 100. 

llV avgm 

City /lfi. Onu_'sfo£U·--;--: 
Date 1-/C,. -g_s-
Sample number /- 1/C>~'T'"- {JEJ.;p BLIJNJ<. 
Probe length m (ft) .2-ff /t!{Urn 
Probe heater setting i IV;}q 
Meter calibration factor (Y). t;::lf!!? /;O;t) 
Sample point .location i /P-fP 
Sample purge time, min: -<A4xt/)"'~-'-----• 
Remarks 

----

" ., 

Sample volume Percent Dry gas Impinger a metered (llV ), deviation, m 
Jl •(ft3 ) x: ! 

. .--- .. 
/ 

/ i 
/ /( 

/_ 
/ 

/ . 

.... _ _._... 

I 

' 
llV Avg. m 

dev avg 
~ 

meter temp, 

oc (OF) 

,/ 

I i 

i 
Avg 

.. ---

' ., 

' 

\ 

:I ) 

.. 

temp, 

, oc (OF) 

I 
I 

/ 
./ 

' ' Max 
temp 

•· 
! 

.Quality Assurance Handbook M6-4.1 
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to 

' ,.... 
,.... 
"' 

'-._/ / 

SAMPLING DATA FORM 

Phnt name !?ltrW?-aJA>fo fi·lfnl·Hi2 
Sample location Sc.-(?.,~p/,~.y ()u.·£&-f 

Opera tor /.t1- {' 
(/ . 

Barometric pressure, mm (in.) Jig .~<;). 30 

Probe rna te rial __ ·-_,_7f,.ep'l--'-( 1'}"'-'-Y\..-=--------

Heter box number ~ 
----~---------------

Ambient temperature, °C (°F) _ _,_(,'-'aQJ,..£. ___ _ 

Initial leak check fiG mtf,n..·,;@ 11t;t £4Y 
Final leak check /0 mt-j,.u·,. @ /(cdl't/~ 

------- -- -- ---

Sampling Clock Sample Sample flow 
time, time, volume, rate setti~: 

i (!~ __ 3) i/min (it3
tmi ) min 24 h 

C' /~<IV OZKM'( ,-..., 0 .. 5 

!6 f>LfS 7~.02-[ rv0.5" 

tO J5SO t'f ~.COt . .-'\..oo,s-
16 1555 'll!'!. 137 "'- o. '{$' 

'(J..o I 1.700 '19.1.15 -"\..O,'J5 

:2'5 !I.PfJ5 7'J,<-/1Lf ~o.rrJ_c; 

So f(£,10 i<'J,S0o .-vo-75" 
3S 14> IS F'J {fC)O "'-0.7-5 

Total Tota-l 
o. '7<) 

---------
' 

22..'--/3 L 

a Percent deviation = 
llV - llV avg 

m m 100. av avgm 

city tNt 7JtU<. £in-<r;:r oH 
Date I -z.-z.-?2' 
Sample number '?- 1/tiSr 

Probe length m (ft) _ __,;;(~.,_ft.L.,__ ___ __ 
Probe beater setting 1 ;0;1)1 
Heter calibration factor (Y) /. 0 I " 

Sample point location i -~~-~ 

.. ·------
Stm-/{.1.e_.f,_ 'f. .. 

0
v..Ja sf .e.

wj Aov 
AN 
H2..0 

----------

Sample purge time, min: _,_At:;.<,'/J:L~"c-::-:---:--. . 
1 

Remarks C/!QN(::tf.;;i..IQ7 \ :BAC.I<,.J:F./0 
. ~ I 

Sample volume Percent : Dry gas Impinger 
metered (llV ) , I - de via tioo, 8 'meter temp, temp, V-a Ct,{L.Uv\ 

-~Ill 

oc 6)l ; (I fit;} Jl~ %' oc ("F): 

'-1?:· . N/A 

(1, 02-2. '60 Lf J{ 

0.0!5'0 '2-.7 '77 _. g'_· 

o. 137 -1.p -"+8' : _li_ 
(), \.3\? .-2-5 . ' ··51 ' 0 
O,I?JSI -00 c:3 ~ ...... 8'_ 
0. fL{(J .:}3 i '5.::7 ' ' ; 2' ' I,~. ' 
0,130 -18' i5~ : g' 

llV {) .f I 
Avg ' Avg5 tJ . !lax 

m dev o, .. ' tenip avg 
--------

•; 

i 
Quality Assurance Handbook M6-4.1 

I 



ttl 
I 

1--' 

"' 0 

,_J 

SAMPLING DATA FORM 

Plant name ltt:?t.<./1-t-cR. 
Sample location 5'ory);:h~-r Ou_f-tL:-f 
Operator .JtC.{? 

.: ' 
Barometric pressure, mm (in.) Hg ;3..,.~0. 

Probe material --'-·T;'-'-f!,'jl-.""(m"-'-.._ ______ _ 
Meter box number "2-

--~~----------~ 
Ambient temperature, °C (°F) &0 ~-

City tUt ami ~rg- off 
Date /· Z 2- Ji'.S"" 
Sample number · 3- VO.S: ( 

Probe length m (ft) .2. #· 
Probe heater setting ! IV/';4 
Meteli calibration factor (Y) . /. Cl/ ~ 
Sample point location : ·7f'-(., 

.. ""! ',., •• ,. I AJ/A ! ! ... _____ --- .. - .. --.. .. .. - n,·,, (17{1 17 lr111 [v urge time, min· 'v~ . , 
Final leak check omL/mih @15/rrl~k ___ ... _____ /J?.(!)IJT4i:- 55 ;ihtcf<..#21:)./ I' I 

L I -' ' 
i . ~~~~~ Sampling Clock Sample Sample flow Sample volume Percent ·, Dry gas .U.JU.Dger 

time, time, volume, rate setting, , metered (AV ), deviation," 'meter temp, , ~p.,. . 
3 3 3 m li'l ./ 

min 24 h R. (ft ) R./min (ft /min) R. .(ft ) %1 °C ( 0 F) , <> • • . 
I 

0 17oV IJ9 "/0/ ·"' 0, 7/-S 1 03 'ii" 
5 i70S 'JC?.'79') n . ...._0.-vO.~ 0.0~3 -.3 0& fl 
10 /110 ']q,"J2D r-..0.'7'> i O,J~I ~~.7· fO(., J5 
IS l71'i' 'Do.oo'l -'V0·7~ i o.o'J/'1 ~ ' 07 . I 7 

&>o _j1.+o l~o.o8':2. -"'--O· 7 ' {), o7> · ~I ' ' , 108' , 7 
;7.._5' J7.;!.S"' ffO d '77 'V- 017 tJ • 09.5 0 (o S( 7 
"70 17J.o go, :J.i/7 -vo. 10 ' o. 000 ·$ · , 7o 7 
3.>' t73)f50.%t.) ..r,o.r,, o.oOJ1 -7-.· , 72- .. 7 

Total ;otal AVm ( c' Avg , Avg _ Ma~ 
t), (.r(, 3 , avg 0 · 0 ~ .J dev (, 7,, ~,, ! temp 

•-·• Hl'.J'I I 'i5, 
l1V - AV avg m m a Percent deviation = 

f1V avgm 
100. 

1 
[. 

Quality Assurance Handbook M6-4.1 

,_) 
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' f-' 

"' >-' 

'-..._/' 

SAMPLING DATA FORM 

l'hnt name j/Aou4L<i? City Mi '3-M{~....U....!;}:_ off 
Sample location 5crubbu Ouf-ftf' Date (-2:1-Yf 

Operator J?tP . Samplenumber 4-vosr (~t1'3~fe/&t-YI'#2), 

Barometric ~ressure, mm (in.) Hg Pl~.~6 Probe length m (ft) ---"'-7='-------

l'robe mate<ial 'kf{tn? Probe heater setting ,. qA 
Heter box number -:1- Meter calibration factor (Y) /, 0/ l} 

Initial leak check 

Final leak check 

Sampling Clock 
lime, timep 

min 24 h 

0 13tl5 
s· i350 
/0 i3SS 
!5 14 ero 

;?..o 1'-/0~ 
;;J..-7 JL/ I 0 

'30 /'-liS 
pS 1420 

1Total 

a Percent deviation = 

'10 Sample point location i ·-r(J (.-
Sample purge time, min! /V /0. . : 

Sample Sample flow 
volume, rate setting, 

t (tt
3) ~~(ft3/min) 

'iJO, 3 174 I "v 0, f<, 
zW.®OI .-vo.5" 
B'O. 5'-15 I ,...._ 0. c;;- -
f)~l' 0'2-2-1 "1-0· s-
@.74.5 I -vo. ~ 
w' ~.3:2.1 •"-'0. s: 
v.1 Cll ·? -, 
!JU I - J ,_,.~.--

gl_ 005 
Total 

{).(..3/ 

.-'], 0. s;-
,"\_ 0. <.;> 

av - av avg 
m m 

av avgm 
100. 

Remarks fi'JJft./T .:If 11 '?._;r; 1 !VrCF #=- lfrQ /
1
; 

' I 

Sample volume 
metered (b.V ), 

m 
t (tt3 ) 

tP. 071';> 
(},OC)5 

o.o77 
o. /23 
o. 0'6.'1_ 
o.oc:>o 
_])_, Og-3 

b.V 
av~ O,VC)O 

' Percent . a 
deviation, 

Avg 
dev 

%' 

-

I 
I 

! 

: 

Dry gas 
'meter temp, 

oc (OF) . 

'-1-0 
50 
c·. ___ , 
52. 

, 5:S 
57 
:;;;') 

; ,(;.o I 

Avg rJ I . " · I , 
·l· ' ' 

Vtlc •<~-{ t11 
lm~r 

'~: 
c., 

·.·7 
7 

; 7 
,:z_ 

8" 

J? 
_.:_ [:>' 

Max 
temp 

I I• 
I 

Quality Assukance Handbook M6-4.1 

! 



tD 
I 

>-' 
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N 

'-_) 

SAMPLING DATA FORM 

Plant name !Huu.I~Q L:-ab 
Sample location Sc-rubf:dy Ow'ft~ 
Opera tor t}?:(f' " . , 
Barometric pressure, mm (in.) Hg ~ .,, :2-g-" 

Probe materia 1 __ . .kR,:~.· ·..,~.1/tm.-'!::-'--.::.._ ___ _:__--'-

Meter box number __ ?"''--'--------+--

City /tlt'sw-f.'l·~-~.., o I+ 
Date /-2.3 -8'.> 
Sample number ;>- V057 
Prol)e length m (ft) -'~;2..=-,---
Prohe heater setting : ;v/l.q 
Met<;or calibration factor (Y) /. 0 19 
Sample point location ! 'Tfl-(, Ambient temperature, •c (°F) '70 

/ ..• :.. r- . .,,L - . : N.'"'' I I i ' ... --·-· ·-- .. _, __ ,. _ .. ,_hi1.#A (f.f?l;::o h1 .r<v Sample purge time, min· i'l1 : . . , 
. 1 I I j I '• l 

Final leak check 0 ml-.fm.l.n (J)IS' lrl Hif Remarks Ff.!oiJI# 2./2.3 ... JY![J< IF ~ 071·2..i ' • <::.1 ' ' ;/ I ' I ' 

. . I ' . \{OC.ttLI»1 Sampling Clock Sample Sample flow Sample volume Percent Dry gas Iiifpingt!t' 
time, time, volume, rate setting,i meter_ed (AV ), deviation,

8 
meter temp, · ~-~~ 

m tv! -Hi> . 
min 24 h II. (ft

3 ) ~ft3 /milt) k (ft3) %' • •c (°F) •c ) 
--· I 

o J5oo ZJ,0/5 .'\.o.c::· - _!::!_C? !1_ 
5 J!}cJS' ~/.122. D •. c;- , O.tD7 h7 1 
,o J£.1/0 ?f/,2.1&.> o.s:- 1 o'.O"Y-1 · <0"1 :7 
IS !St.> $1, '3if:'f tf},.!:, 1

1 0. /02 70 g 
.)Q /rf.Jlo '/{}, L-f/f @,,c;; i 0.093 · I I 72- 8-
.?S it§~<; : <;//. ~(}r;' (), c;- I o. {) O;Lj ' . 72- g 
Jo 153o fJJ.S"J1 {).'0 • o. 002. 1 i ·73 8" . 
;;?"} ;5-3.5 f5J.6"'J(} (!),C' ! 0.003 ?if i g 

!Total Total • !N Avg : Avg / Max 
IL---l_ 0-Cv7:j> · • avW 0.0 9(:, dev ' 7CJ,L. · temp 

a Percent deviation = 
AV - AV avg m m 100. 

AV avgm ' 
I 
l 

Quality Assurance 

'f 

·,. 

Handbook M6-4.1 
i 
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IJj 

' f-' 

"' w 

·-.._./ J 

SAMPLING DATA FORM Dl{:(o re-nJ-
.{;l r-de Plant name /t1t.lU1·tJ2 L?b 

Sample location :5cru?kr Occf{:et: 
Operator Jttf 
Barometric p~essure, mm (in.) Jig ~~. ~ 'J 

!'robe material --+·1~-c..:.f?pt.::..'-?1.!...!. ______ _ 

Meter box number ~ ---'=---1.-::'s----
Ambient temperature, °C ("F) 

•··~-~-& ~-w~ -··--- .. ~ /m.in (lJ I'>,;.; 

city !UiCJ-.nt-i~'lf::.oiJ 
!late I--;).. 3 - !i'~ 
Sample number G- yvs r 
Probe length m (ft) -'---":2.. ____ _ 

Probe beater setting I /V;/4 
Heter calibration factor (Y) I, 0 I 'J 
Sample point location ; TP-(, 

-

; IV/A ' Sample purge time& min! 

:{IV?Yl ~s 
1-/&:5. 

--·----~·--.-------1 

i i 

' 
5 m /.... /,m'h c!!h5 irt.f _, Remarks f120N'I # JlO,iU~ 'l BliCK.-#" 3/{;;> 

i 

I i ' 
Final leak check I 

' 

Sampling Clock Sample Sample flow 
time, time, volume, rate setting, 

min 24 b R. (ft3) p_@!w (n3 /min) 

0 /lt/:?0 '?//, 700 ·""0.5 
C' ::;> L&77. 81. '7&1 r-o,5 
tO /[;'-10 FSI. f?3'-( ·~o. c;-
!'3 )(,;> Lf :;-· '6!. o;oq NO.~ 

It ;;lo /~;~SO ff2. .o;Z.o --1..-0· s:-
~s l~'f>C, f:J..073 ~ o. >" 
:30 (700 8'.2 , I 0 'i{ ·. /I/{}' ':> 
3.? ooc;- '!{). . 2.50 ·"-o, s-

Total Total 
{),560 

a Percent deviation = 
!J.V - !J.V avg 

m m 
100. 

!J.V avg
10 

' Sample volume l'ercl>nt 
metered (!J.V ), deviation, 

m 
R. (ft3) %: 

-
{).tJC,/ 
0.07-:7:, ' 
0. 075' 
(JJ,f/1 ' 
o.cJ53 

o. 00~ I 

t9.0M:! : 

!J.V Avg 
m 0.079 dev i 

avg 

. S '!!:-O.Q~ 

Dey gas 
' a . 
meter temp 9 

0(; (OF) 

8.~ 

9'7 
5;--'(o 

81.o 
' . '15''7 

'67 
i B"S" 
' s--g-- i 

Avg 
g-4-, 5": 

-

.. 
' 

' 
iiEf<I"-W! 

p128&l' 

·~ 'n H- ; 
- F). 

b-
.~ 

' s-
I s-
.. 5"" 

..:::, 

5 ' 
$" 

II ax 
temp 

Quality Assu~ance Handbook M6-4.1 
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SAMPLING DATA FORM 

Plant name /1 1lmt-11-£ 
Sample location S.•tuUR.r6.~7ler 
Operator -6)t.:l:.::t:v.P ___ _...; ________ _ 
Barometric pressure, mm (in.) Hg ::2.8', '"2 3' 
Probe material -~~ ; 
Meter box number ·"]_ ' 

City j/,t(-fJ-nt(~.?UI:(J 01/ 
Date I -2-t-f-8'5"" 
Sample number (- ,VOS'r · 
Probe length m (ft) ---;-.::'2=----
Prob heater setting i !V(A 

• 
Mete calibration factor (Y) ),0/t} 

Ambient temperature, •c (°F) tJ>s- Samp e point location l 'T(?-(, 

'-_) 

I< -etvs. f!,11.JZ 

urc.fc_-fa-<' L 
.~~s:;;tr~ 

' 

't'·· 

·.~. 

Initial leak check t:;"ri1!../MI>£ 0/S·i~tlftr Samp e purge time, min1 &,/A , .! ! 
Final leak check /0 ":L,;/.u'n <9!5 fJ(, @r Remarks fPtJ!I/T-# :Z.Offt j M'f<:K4/: :2.1f/ :t 

' 

Sampling Clock Sample Sample flow ' Sample volume· Perd.nt ' Dry gas L14wkf'l 
time 1 time, volume, rate setting, : metered (AV ), deviation, a 

meter temp, 
.e (ft3) r.etmw (tt3 /min~ 

m i~~-min 24 h .e (ft3) %' •c (•F) 
' 

. I 

0 /C."IP ';':J..%1 '"'-' (}, t;; I - 52-. 5 
5 /01:](} g'z,"3/3 0; 0 Lf"J : 53 5 i 

IL' !OS~ f::l.' 37 g I t!J; 0 ((15""" ' 5"<-1 .. '7 
IS /100 f?2.44C:> I tJ. O&,g ' S5 7_ 

I 
I 

QO II or;- 'i$2. 516 o. or;,~ ' ' ,5c;_; ' 7 
.::,0 /f/0 2f2.,5F5 I {),()70 .5?' 7 
3o j/15 8'2. .v54 • tf).()&O; i ' (;.v 7 
3"; I I 20 ?.2, '7 2.() 

I o, Ou1{p ' & 2-. ~ ' Total Total AV 
tO. O&c;-

Avg Avg 5£' . Max m 
dev w . .., o.q ~J., = 13.uo5 L avg ·~:? . temp 

-----~--
- . 

a Percent deviation = 
tJ.V - AV avg m rn 

s~ o.co'f 
. ' 

AV avgm 
100. 

,. 

Quality Assurance-Handbook M6-4.1 
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SAMPLING DATA FORM 

Plant name fi'lfrlvftcf 
Sample location .5orr.:t-UerOtd--&J: 
Operator ,1AP _ 
Barometric. pressure, mm (in.) Jig RB',0-?. 
Probe material ____ -r2~~4~~~b_ ____________ __ 

Meter box number ____ __:"2==--------:--------
'10-Ambient temperature, °C (°F) 

.. ,- ,UA-,_.@) /c;ill 1zl. 
~ 5 ;>~ t-/ m ,-,., CtiY I 51·., II 
CJ 

Sampling Clock Sample Sample flow 
time, time, volume, rate setting, 

min 24 h Jl (ft
3 ) --Ill .£it (tt3 

/min) 

() /'::l.L-10 ~2.135 .--vo. c; 
~- /.).1.( s- 8'2 '1151-f 
!IJ J">f.{o 12 '<o7'1 
13 J '2- 5'> 8'2.'15(; 

t«...J 13otJ '63. 0411 
-:J.b' 13Lx;- f$"3. JL-1 

30 /310 'i?J. I 00 ' :35' !5tc; 8'3. 211 ' 
Total Total 

0,9-/2- ::: I tl, C)t-B L_ 
L......____ - ---- - -- ------------

a Percent deviation = 
t;.V - t;.V avg 

m m 
t;.V avgm 

100. 

City ,AftM1A-?}~OH 
Date /-,-:).'/-~ 
Sample number 8'--VOST 
Probe length m (ft) --"-'' ::::'?=-,----

!'robe heater setting 1 ;V /A 
Meter calibration factor cv) /. Ol<;) 

Sample point location : ·Tf1-f0 

' I---~..., I 

Sample volume 
metered (/!.V ) , 

m 
.e (ft3) 

-
().O'flj 

rtJ. 090 
{J. 0!52-
o. orz-rt 
0. @S/"3 
1!}_{)72 
o. 0715' 

t;.V 
&. 0'77 m 

avg 

s:::o.ot'-1· 

' !V[A · ,, 
' .. ~ /hK~t:: # 20 l 

' Percent 
deviation, 8 

Avg 
dev 

'X." 

' 

; 

' ' i 

' 

: Dry gas 
·meter temp • 

': •c (°F) 

' 'fl 

71 
-z-z_ 
73. 

: 74 
?& 
"77. 

' '70 . 
Avg 

7'-(, {> 

:, 

~~~t~U#"l p:u'l:ger 

t~p 

11'1~· . ) 

5" 
·s 
5 

,.5 
5 
5 
,::::.· 
:J 

' I 

.5 ! 

Max 
temp I 

I 

Quality 
I 

Assurance Handbook M6-4.1 
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SAMPLING DATA FORM 

Plant name /l1vtt.,ttJ' City · ;t1/·1JJ11A-<tJxa-g- Off 
Sample location 5L-rubkr Ou:fh{- Date /-;).tf-!?5:" 
Operator -J_a Sample number 0 -YCJ5'T 
Barometric pressure, mm (in.) Hg ;i,fi". q3, Probe length m (ft) __ . _,2=.........,~---
Probe material 'TefU:a1. Probe heater setting /IJ;;/1 
Meter box number 2... Hetet calibration factor (Y) /. 010 
Ambient temperature, •c (°F) "fr:;- Sample point location : TP-G:> 
Initial leak check 

Final leak check 

< ~ WJL /tlt<'n @J5,ri~ Sample pur~ time, min' N/,1 . . : 
1 

S ;11.L,/.~tt'n @IS (rl f#/ Rema;;ks IWA/T :# '7~ ) Mc,L ~ 1-' 1 

Sampling Clock Sample Sample flow ] Sampl(! volume Percent Dey gas 
1,/;:J C.o.<.,Y/ 
Impillt;er 

time, time, volume, rate setting, i metered (t;V ) , deviation, 
a . 

meter temp, , tern* 
.e (ft3) 

_....... . .- 3 m JVL-! 
min 24 h ~L!!Jip)(ft /min~ .e (ft3) 'X. •c ("F) •c c• 
0 /J-13 0 g3, :lJfC) """'(J, =::-- ! g-o 0 
5 /'-I.~S '63. tfo'! Oil! r? ' 8'0 g 
/o t t.ft{O 33. <;3~ l o~/32.. ' 8"0 g 

c )j }1"'.:; '?3 (.4 f.:, ! o .. !o7 i .. '?11 i~ 
,::).o ';)}, '162 ' o; 11& /Jf.?o I I i I~~ CJ 
,9-5' ltfs>- 9'3. '57'6 [;)./ff.:.:, 6'1 c:} 
:30 /Sd' ;? 3 ' ')0)2 {), IlL/ I ; . 2"'L 9 
')C' /bO? . 'M: i03 v- i CJ, I I I 1 .92_ 0 .. ; .._..) 

I ., 
Total 'fotal I !J.V ' Avg Avg · If ax ::: z:;z., i (:;, (:, L- av~ 0' I /(p· I 

fi'O,"/C:: ' . O.'ifJL/ dev temp 

a Percent deviation ~ 
!J.V - !J.V avg m m 

s = o.()tl$ 
!J.V avgm 

100. 
' I 

,, 

' 
Quality Assu~ance Handbook M6-4.1 
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SAMPLING DATA FORM 

Plant name ;tteU·f'JZ my Mi·afiu·<:h.g-.olf 
Sample location Scrul?biv tJu:(.J.tsf" Date . /·"14-
Opera tor --,cf4Jtl=-.P:__ ____ _:_ _____ _ 
Barometric pressure, mm (in.) Hg ~ ,'"!'J 3 Probe length m (ft) --'-:_:?_~.-----

Sample number /0 --; VOS"t 

Probe material "Jfj&rn Probe heater setting · 1 · !lf/{4 
Meter box number 2 Meter calibration factor (Y) · /."()/'1 

Ambient temperature, .•c (°F) 7,5'"" Sample point location i "TP-(::. 

Initial leak check 

Final leak check 

Sampling Clock 
time, time, 

min 24 h 

0 1_55.5 
5" /(etJ-0 

!U !0os- · 
/5" /(o {V 

{}O /&f5" 
).'J J tv ?..0 

10 /it.J.!) 
"J.s 16:?.-o 

Total 

-- -

a Percent deviation = 

(0 mLjn<..;, @IS" hl{j- Sample purge time, min: #/A . . i 

(}mL/M.i.n@ II " Remarks ~tWNT 1172. '1 ' J#lq:_-#/.,-2.i} 
I ;: , I 

Sample Sample volume Sample flow Percent Dry gas 

volume, rate setting, metered (AV ) , deviation, a ·meter temp, 

Jl. (ft3) ~ (ft3/mi~) 
m 

Jl. (ft3) %' ' •c ("F) 

'i>'l, II 4- ....... O.c:' - x-9 

?14. 1% CJ, Off! ' &'3 

'tli.ZtfS tJ.e~o g--'3 

<o'l ( 3ot;' o.or;o i 8'3 : 

ff1.3~ 0. c>5".3 ' ! 8'"3 

'6'-//-fOt..f <!). CJt/0 fs"''f 
ft"'{. 4"i ?::> o. 0'-/-C) ' .¥'5 
?fll. 9)3 \ t!J. CJCJO . k0 ' 

Total AV {) ~6 
Avg Avg 

eJ. '38'"? :: 10 -S?J'-1 L. av~ .O';J dev gJ '7---.. f, !? I 

AV - AV avg 
m m 

s~o.ol").. 

AV avgm 
100. 

I !. 

1/.:> c <£ "- ..., 

I"'''~ 
temp, 

•c ("F) 

7 ' 

,7 i 

s 
_j s 

5" 
s-

.s- .. 
s--

11ax 
tenip 

. ' 
Quality Assurance Handbook M6-4.1 
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SAMPLING DATA FORM ------ ---,·~ 

5}/nf/4!-fc c 
~~Jte. of 
k.tw,i2n£ 

Plant name /llaod? (?If:? 
Sample location Srntl4w-r du f-R~{
Operator .,oj.;t'l(l"'.Z,"-.f-· -------,=:---------~17 

Barometric pressure, 111111 G Hg 0{'"1 ,'-{{ 
Probe rna teria 1 _---r.t!.JJ1c:-f-'f..I.C£.tY'kL.J~------~ 
Meter box number---"'--------~ 
Ambient temperature, °C (°F) /l.~b-. 
Initial leak check Q VrtbbKi,'"@ (t;'j~/iiy 

1 cr 
Final leak check ------------~ 

I 

Sampling Clock Sample Sample flow 
., 

time, time, volume, rate setting, 1 

min 24 h .e (ft3) !/min (ft3/mirl) 
I 

() 

5 
10 

! 

ctty (l,ti·ont,(~._;IJ OH 
Date /- :2. ')-g: 
Sample number If- VOS T= F"JELP f3u1M 
Probe length m (ft) _,'-'2--,-~--
Prob~ heater setting __:_1 ...J...&;;Jiu·:.L.--
Meter calibration factor (Y) /. 0 /OJ 
Sample point location i :J:l?-(7 

W/ (!J!./ 'I ' pAll/ 
' ) 

Ci--k11MitL 

Sample purge time, min1 !VjA 
1 

. 

Rematks -ff,tJNC-IF- 5(.. 'J fMc&-tf=.20,fi'~ 
I , ' 

Samph volume 
67()5 T-b111f 

Dry gas 
~~~ Ct-1 /.L '..? 

PerceD.t mpisget: 
meter~d (t.Vm), de .: llliiR 

8 
meter temp, 

' ·-~~. 
.e.(tt

3
) 

i.11eff~{w;t ,,,H~ 

o£ '.fl.tbe. oc (OF) .l'Q -(Of) 

)/ 
' 

/- ) 
/ 

/ 

L =/" 
/ 1 L/ 

(C:i 1/ •// I 1 .L 
.9-0 A / ' 1 IL 
.'l.tJ / ' / / 
:30 \ // \ / 

1/ i ' .L 
35 ' ' '---' 

I ! ' Total Total I t.V Avg Avg Max m ' I avg dev ' ' temp 
-~- ----- -- -~ -

a Percent deviation = 
t.V - t.V avg m m 

t.V avgm 
100. 

;, 

Quality Assurance Handbook M6-4.1 
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SAMPLING DATA FORM 

Plant name Aff/U~ L -ah 
Sample location Scty,&kM·' Ou-f;fe:{: 
Operator ~~~ixf? __________________________ __ 

Barometric pressure, mm (in.) Hg ,";:?9, -'// 

Probe material --·Lu_.2.::1-hl-"'"-mLJ. ______________ __ 
Meter box number r 

--~-----------------
Ambient temperature, •t (°F) G?~;--

Initial leak check 20 VHJ./t~;t @!~,;,lly. 
Final leal< check Jfi.rnt-/m<~A " • • • 

Sampling Clock Sample Sample flow 
time, time, volume, rate setting, 

min 24 h 11. (ft3) ~ (ft3
/min) 

(} /rJL/'5 ¥J../SJ4 -1. o. c;;-
5 ;u~-o lf<f. S'iJ' I ·"-' 0 • t./ 
IU ;ot;;r;- '3"'-/. &·1~ "'-'0. s 
15' /}{)0 f}tf.'/&1 /'..- 0 . r;' 
;}() J;or;; 'i{'-J c S<-1 . ·" rvQ.~ 
·'It; v\ /II C' 2'1./ ,"')3 i --"-0< > 
J$1..1 /!/-::; f55.oll ,~r; 

.3"'-i iJ'CIO l?S.oq_:l -......o.c:; 
'Total Total 

(}, ':719 -:: 11 ·01 '1 L 
---------------

a Percent deviation = 
6V - AV avg 

m m 100 •. 
t!.V avgm 

my fo/jami<:Jxey CJH 
Date /-2 9 -f.?:~ 
Sample number /2. -I(OSC 

Probe length m (ft) ~ ___ __:. ______ _ 
Probe heater setting 1 AJ/j4 

' 
Mete~ calibration factor (Y) /,Of') 

Sample point location 1 ·Tf-(, 

Sample purge time, min1 AJ/Jf · i 
Remarks /'1!!oNC.If:=. 117 'if .3) "BACf...~J i 7 '? 

' - I I I 

' 
Sample volume ~· · Dey gas . t5a.;:w~~ 
metered (AV ) , 

a meter temp, 
' ,:v/7~ m 

11. (ft
3) "'r %' . ' •c ("F) ll ) 

- 5'-/ t-JG, 5' 
o, (}(,;·1 If& '-/6 !5 
0.00;7 J../{p I '-1'7 h ·. ,:> 

o.osr~ Lf7 "-liS .5" 
0. O<i5t./ q7 ,Ljff .5 
o, og"0 '7!5 5'1 0 
o.o.zo so ' 5'Lf . ·& ' o, 0&:2- 4'i5 ;·5lf ;; 

6V fJ Avg Avg Max 
av~ O,LJ 3 dev . '1Y].J~ temp 

£;0,00~ ,, 
I• 

• .. I 

. I 
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SAMPLING DATA FORM 

Plant name /!1bl_<:.·J~R L"3-b City t1'tt.ll.rJJJsbu-rg= Of/ 
Sample location Scrzvbk·r tkcf.&J- Date /-;;1." -\{:"'5"" 
Operator Jti.P Sample ~umber /3- V ().$"/ 

(; 
Barometric pressure, mm (in.) Jig ;;2~. L/J Probe length m (ft) _:::.2::::..--..,.-----
Prohe material Te-{fttYI... Probe beater setting .....t..l -'!V.-.1-Y:J..!.~...:· ___ _ 

Meter box number :2..... Meter calibration factor (Y) /, 0/ l;J 
Ambient temperature, °C (°F) !JO Samplie point location : ·rp- t;? 
Initial leak check :f?rni-,U11.t.'1-@l!>irtfl[}/· Samplie pur~e time, min1 N/A . 
Final leak check Q ·If " /1 I Remar.ks fl!oA/[$=1'751 J 1#JO:: .. !I't/4

1 
- ------ -- -- -----

• G-,7J7·Te-mo . . . tlec.,,._WJ Sampling Clock Sample Sample flow · Sample volume lfflreent Dry gas lfllpiager 
time, time, volume, rate setting, ' metere!d (A.V ), , de:if:ljn,~ 'meter temp, t::ea»p, 
min 24 b 11. (ft

3
) ;fJ~(ft3 /min~ 11. (ft3) m '/iff;J' %~~ · °C (°F) , °C (°F) 

o J.::ls-o 9<7. toe:, ,..,__ o,r; ~ t;:J/ C.~Yd' 5'" 
5' L2.'->3" 8'<7./!?V tJ-ol'/4 51 0'> 0 
tO r?tro I g£'. 2&-o 1 o. !Do -47 ' 70 sr 
1.; rsoc 'l{c;.110 · o .. o70 ~ss · 7o , g-
Jo t3tv 15'5· 3'n ! O,IJ'73 "/OJ I • 72- 8"' 

1----"J-...... '7 /3r.c:- qc;;. '-ftv..f ' 0 jO 7 /.-. 4~ ·7 3 9' 
70 J3;,7o g·s-. S% e). 072.. 5""0 , I_~ &"' 
·~s 1 x::~s- '?f'i. tv 10 w ' tJ . o 7t../ 5 r . I 1 c, , s--

Tatal Total . I AV . . Avg Avg Max 
0, 5'0l/ -;=.,I ~1 d I1J 2.. L avW (}. 0 7).... dev 7/, f.~, ; temp 

---- ---

t:.V - t:.V avg m m 
s ;o- oJ& 

a Percent deviation = 
,, 

t:.V avgm 
100. 

Quality Assurance Handbook M6-4.1 
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SAMPLING DATA FORM 

Plant name ;f(lfl{/}J [cb 
Sample location 5.-,n.J/be..y CJw/.&;{-

Operator -t5'1'},?.t.,; 01{:_1 ____ __:_ ______ _ 

Barometric {pressure, mm (in.) Jig p?OJ, Lf/ 

Probe mate rial _-L/-Jc&'f.%-""t!Y"/"-'C-L-----'----
Heter box number . ·:2-

City /l(i "'MU4 sbu·'If 0 ff 
Date I " :;2.. ') -lr.S"" 
Sample number /.?/- VOS.T 

Probe length m (ft) -~::2-"'--'--;---

Probe heater setting • ;V /A 
' 

Heter calibration factor (Y) I • 0 I 5 
Ambient temperature, •c (°F) Sample point location ·zt:--k? · 
Initial leak check 0 h1 L Sample purge time, min1 #/!!· ; ' : . 

» I : 1 1 ) 

Final leak check Remarks ~ /'l!77 , f!:Jic,l:._# ;2.14/L/ 
/ I I 

tq&l!- 'R~~tf 
: Dry gas 

l/.;lctuu11 

r•mpling Clock Sample Sample flow Sample volume ~t Imp.:.u:gcr 

time, time, volume, rate setting, metered (/W ) , ;~?er";f.i:t::~: meter temp, 
·~· 

. Jl. (ft3) !I./min) (ft3 /min) 
m lrj,l\1;; 

min 24 h Jl. (ft3 ) op ... •c (9F) C (PF) 

(? N-;s §~.uw ."V o,~ - r,;« 8'0 & 

-~ ft-lt/0 ~ti.ft>'7Z- 0.057- h<J. C6"'0 ~ 
/0 144< ct 6 '7<itf t}, 07J- &3 ; _:l9 fO 
;r; /t-1 5-o ff lj. 't 7X, f),OCJ;J- 5/Y ~0 (;, 

~:){) t..f<c; $"£".'HI o, oL?>s 515 ' :}iO -7 
as- 15()0 l'l\&.D14· D· 0~27 ~/0 ?12- 'l 
30 I 'JOe; CJ(v, 00~ o. o~s SCJ. 3"2- '7 
3<;' J?'tO 9'4?. I (h- / o. 0~:3 f)Oj '<)'q >'{ 

' l 

'Total Total AV f{ Avg Avg 'if Hax 

tJ ' '(; /.; )-. -= 1'7.!))0 L. av~ Oo 0 0 dev I •. ' temp 

IJ.V - IJ.V avg 
5-· O,l9ftf 

a Percent deviation = m m 100. 
AV avgm 

I I, 

' 
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SAMPLING'DATA FORM 

Plant name .A1 t-'luti! L ~ 
Sample location S(:-('u~rOutf'.v(--

Operator -tJ'rtL"'P'--------------~ 
Barometric pressure, mm (in.) Hg ~0. :?r{ 
Probe material __ ---L~~~-1~~~~~--------------~ 
tleter box number ;:2 

-~----------------~ 
Ambient temperature, •c (°F) r-tt 

City tf:lic.m.{s;-~u't off 
Date 1-30- 8:"> 
Samp~e number / S- VO S. ·r 
Prob~ length m (ft) __ ____:-?:_::.,.. ____ _ 

Prob~ beater setting ' /V;IJ4 
Mete calibration factor (Y) j, 0/9 
Samp e point location : "/f'-(;, 

Initial leak check t'l n-.lJ,.w., tJ:P /0 J',._Jf,'_, Sample purge time, min· N;f;.4 : 

'-._) 

---L 1,..(i>G-e· 
FE12:0 

I 

() wd- !.wi "'- tfilJ I I m 1/;j H'.vNT #- .3 ') ) 'f#.C~;;f:d /13p ' Final leak check L Rema'iks , L I ! 1 j 

! 634'/•Mnf' Vac '«'-"1 Sampling Clock Sample Sample flow : Samph volume · Pereent-- Dry gas ~ltger 
time, time, volume, rate setting, i metered (/J.V ) , ~~~'J1;i-mie meter temp, . tQmjl' 

.e (ft3) ~~ (ft3/min~ 
m 

'"~14-min 24 h .e (ft3) op % . oc (OF) 

CJ 13'/0 8'& .:l./2- ·""0' .'Y i 
~ .;;-s- 55 5 . 

s /?,4<;" <,5(v, 255 0.'(} '-13 St F/5 b i 

/0 )3.$"0 <;sr;' 30'-/ I 0, I OCJ 47 (iCj '7 
15 1355' I 'l b · 1-fO'o ' o~ oL!tf 4-9 C:" ·5 ! ':7~ 
d-.o NbO 3&, L.fS' I ' o, ·o 7:_.1 50 S7 5 i i : . 
1J.5" M05 ~b. 5'-17 ' 6' 0 ~(,:J .C: I ~'1 :::;' (?. 
3o /L-/10 '6b;(;JIL ' o. o&o;;- 52- I sg ' (p . 
35 I J./ 1<5" 'if~ ,.(/rf/ ,., ' O. OC/1 ~..~s ,_?') 6 ) 

' : 
Total Total ' 

/J.Vm (), 0&'7 Avg Avg S~ _ Max 
0. t.f&O] ::: 1?. 5'N f_, avg dev .5. temp 

-- ------ ----- -

s=o. 02.2.. 
a Percent deviation = 

/J.V - /J.V avg m m 
100. 

/J.V avgm 
I. 

Quality Assu~ance Handbook M6-4.1 



tp 
I ,..., 

w 
w 

-...__/ 

SAMPLING DATA FORM 

Plant name !/At/1JA!J2 L'dh 
Sample location Se-r-ui.M-y- o~.x..-+AY/-
Opera tor --r~9-'L1,)2=-'t-C-· ____ _c.. _____ _ 

Barometric(pressure, mm (in.) Hg .::?".?.37 
Probe rna te ria 1 --'Tt~t-':jGf-·!0~~~::..,1..!_ _______ _ 

Meter box number :l--
-~~~------

Ambient temperature, 

Initial leak check ~L-~~~~~~~~~~ 

Final leak check 

Sampling Clock Sample Sample flow 
time, time, volume, rate setting, 

min 24 h .e (ft3) ~&in' (ft3
/min) 

0 '"' •r.-: l'i?G.(;Ol3 (!)' _c:;-
s~ /'-157J %. 'ift;;7 
/0 tt./~s I~ q,o 10 
IS !S?JO <J7, I 'i{O 
~) 1~7.!'5 '6 7 31";1 •• - ::1 

as lS-10 c;. '7 4 "}0 I 
3o 1.'7 ,,_,. ~ '1. wr1'6 
3"-.~ /.'i:;)() 13'1.'1"~ -.fL. 

Total Total 
::: ) I. (.., Lt /.1 o& 

a Percent deviation = 
llV - llV avg 

m m 100. 
tJ.V avgm 

City rt(). ?."1-HiJ:!..t•'@- DH 
Date /·- 30- f:-:> 

Sample number /~ ·- V 0-S T 
Probe length m (ft) ___ "2-.,..-----

Probe heater setting , tv;f/1 
Meter calibration factor (Y) ) • Of (') 

Sample point location .; 'T('-b 
Sample purge time, min! tv;l19 
Remarks Ff."t'JAJ[:fi-- ~oc.,:;C 'ff'n('"_{c_.:rr.; ~-:':$o 

J ! ' : 

I 

Quality Assu~ance Handbook M6-4.1 
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tJj 
I ,_, 

w 

"" 

·., _j 

SAMPLING• DATA FORM 

Plant name /t11Jl&1t£ L-ob 
Sample location Scru~{,L.y (hcUe.f
Operator cftlJ1 
Barometric pressure 1 mm (in,) Hg ;:;<". 37, 
Probe material ~·hc::·t'-'~r=OYl-'-'-------~ 
Meter box number __ ·:;2.--.=-'----------+-
Arnbient temperature, •c (°F) 0 0 i 
Initial leak check /0 ml-/w"''"" @l,;it1fi8-
Fina1 leak check 0 mL lnvtllt I( • I ' 

1 

' 
Sampling Clock Sample Sample flow I, 

time, time, volume, rate setting, i 

.e Q> min 24 h {[iJy (ft3 /min) 

0 !50S '6'1. ~Of{ 0,') i 
I 

.5 /(JO 0 3'1· 'D07 
/0 /f::; Of;i S'S.ODI I 

6' I& to ~~-CJ7(.? I 

:Jo J f.;J I ':) c,Jg, 1'6'2. 
I 

;)'] /!:;30 "$'3.9.47 ' I 

"30 /bJ.) 'D~. 3 3S 
3~ -.. ) ' /&. JO 'B't·Li 1...7 ~ 

Tolal Total 
' 

o.u1') ~ -r -~o_,o ~ - I , ..; . -: 

a Percent deviation = 
/lV - llV avg m m 

100. 
flV avgm 

City AtiM1t.-iJ..x.l1"fj:o# 
Date /-;70-£?5 
Sample number /7-.,- Vosr 
Probe length m (ft) ----'._2 _____ _ 
Prob~ heater setting ' llJ /A 
Meter calibration factor (Y) /,(}I lJ 
Sample point location ; "Tf2: <? 
Sample purge time, min· N/A 
Remarks P/:!eAJT#" 1X010 '; 8/I(I(.JF fi'~-P 

' ' ' 
' C.a~f~fc:+ \/Po.tu.--~""1 Sample volume o.t Dry gas Tmp-tnger 

metered (llV ), de-.•iat=ian, 
a 

meter temp, 
~· m 

.e (ft3) op 'X •c (•F) •c (•F) 

- &>2- "10 c; 
<9.'0'&'} !?4 '7/ to 
(), 101./ c:'3 .? ' 71 0 
0. 075' 52..., . 7::2-. c:: 

I -~ 
{). I 0(.;. t77- ' '7";),. 5 
() 00:::; 54 ' i13 (; 
0,0[)2" S2- 7L/ (, 
O,V':!2 c:-3 ::J' 7'-t I w 

llV Avg Avg ~'--/ J / Max 
av~ (} • {) g'2 dev ~ p, ' temp 

5::. 0- [)/.5 

Quality Assurance Handbook M6-4.1 
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to 
I 

1-' 
w 
(Jl 

'-.._/ \, 

SAMPLING DATA FORM 

City tttf"'l>IH.f~*0/1 
Date 1-3/-'irS" 

-----
Plant name ;tl(J/.f_,}LI!. L -al~ 
Sample location ,")ctu.M4?f (Ju:(J!t.:l-
Operator ,,6ykt~·~f? __________________________ _ 
Barometric pressure, mm (in.) Hg <??..,. ;},.f 

Sample number Iff ~vosr 
Probe length m (ft) ___ .;::.:2-.__:_ ___ _ 

SL VDC£ 
fEifJ) 

Probe material ___ ·--~/-~{~.~~-~~-------------------
~ Meter box number 

--------~---

Probe heater setting -'-' --'-M7/0~A_~. ___ _ 
Meter calibration factor (;) /. 0 I OJ 

Sample point location .: '[{J-·(, 

v-e~~ 
bt.-~;t?'\ 

Ambient temperature, •c ("F) &1{ 
Sample purge time, min· IVtY1 
Remarks WNT#-11'?0 8Ac~-Ji:. ~ q0 

Initial le~k check £;'m 1-/,.,..·0, cf!iJI5 in i11k 
r -a-

Final leak check <: 5 Nll-/MA.n " '' 
-···--

kiah 'U-m..t:J (/,"~Cttu.», 
Sampling Clock Sample Sample flow Sample volume · .l>"Osanlf Dry gas Iorp'trrger 

time, time, volume, rate setting, metered (AV ), ,....dent-ut-inn, 8 meter temp, ~p, 

min 24 h R. (ft3 ) @ (ft3 /min) t (ft3 ) m il1/e 'I% 0 f •c (°F) •c (°F) 

0 13 '1 0 l\?s?'.4H tJ,c; - 57 C:'-f c,:, 

s- 13~1., 'i?f5.S::w o. o3'7 5.3 !i!1_ 07 
/0 ~~,0 ?)<l•iPI? 0,. 0'?5 51- ' 5.~ c;, 
;s- 1?>7<J ?J'3. u% o.oeo s·::.L s·s (, 

).O )')l{O ~Y). '715 r!J. 0'60 6'-/ · 5~ .J._ 

;;t) P,q) 'i;)J, 'i£1/~ o. 0 '74 S!l 5& ,.:. 
Jo l~t,"' "6~,q,~c.J O.Oi.JCJ "5& . 5'7 t'f 
·3<; p,.,-c; ~'3.6)':17 o,o30J S'1 .. 51, I,S 

Total Total ~ • I!.Vm O? ") Avg Avg Max 

o.su'f :~ ilL ?'3,?L~ avg O. """ dev 5'7. (, temp 
'---- ~----L----------

a Perc~nt deviation ;::;:: 
l.V - 11V avg m m 

s ;:Q, t)I)O 

flV avgm 
100. 

! ' 
I 

Quality Assurance Handbook M6-4.1 
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I 

I-' 
w 

"' 

\. I 
-/ ,j 

SAMPLING DATA FORM 

PI ant name ji4ULIA<-J!. L-&h 
Sample location 51~1-ti~-r- (},_1.-'(-f.cf 

Opera tor ~)0:&""-~~"-r--------------"
Barometric pressure, mm (in.) Hg ~9.;)./ 

Probe material --~~~~-~~O~Y12--------~ 
Meter box number ___ "2.,_.:. _________ _._ 

Ambient temperature, °C (°F) --'--"0"--")l--___ .L 

Initial leak check 0 mLp-..A 11 t?,! t:u.,ey 1 

Final leak check IG'" · 'I " ' '' ! 

Sampling ·Clock Sample Sample flow i. 

time, time, volume, rate setting, • 

min 24 h .e (ft3 ) ~mij}(ft3/min~ 
() I '-/.'"1.0 f{'if, CJ'-/'2-.. (),5 
q JL/,-;1•·; "60. 'D~'J 
/0 1'-130 '150 ' 1'17 
l'i iLf 3t; '3'0 ''155 
do N'f(f) '&~. )W 
').<) I '-1 '-!.'> 'if 0 'tf 5") i 

::x> 14 'j 0 %'l.~GS ! 

3<;" /'{ Yt;; '3 1:\ I C£:4, i 

Total Total ! 

o. 7.)4 -;:: ;).{) • (:, 2.5" J-. : 

a Percent deviation = 
fiV - AV avg m m 

100. 
fiV avgm 

City ftU. Mu.i ~-<·t(J= Of{ 
Date f-3(-·'it'> 
Sample number · /0 -VOST 
Probe length m (ft) ---=?--=~---
Prob'e heater setting ' N/A 
Meter calibrat-ion factor (~) /. 0/ "'J 
Sample point location ; ~Jl-(q 

\1-e~~{) 
l;nc,m. 

Sample purge time,_ min: ijA ... 
Rema,rks P~fJNT:fl:-17-53 fMC,t';fF-17') I 

I 

Sampl" volume ~~[.1.~ Dry gas 
lf;l Ctl ~lf'l 
~IJRpinger 

meter¢d (/!N ) , ~ meter temp, t;emp. . m 
" .e; (ft3 ) op 'X. •c (•F) •c (°F) 

- "' &o (, 
0; I OCo 57 fP{) c: ·~? 

o.O"J') 5ff t:;,o 5 
o. 103' S(v c~ 1 c· 

I _} 

d. 105' ~r; 'G:L s 
d' 0")") 5'Lf- 4:>3 5 
d. tO<;.. 5'5 . &'-I c 

-' 

(), 10 t 5.5" .C.,£} c:: 
~ 

6V . 
3 Avg Avg ( . C) Max 

avW 0. IO· dev ''· . 

temp 
--- ----

s = o.oot.J 

Quality Assurance Handbook M6-4.1 
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' ,_, 
w ._, 

'-. / ' ', 

SAMPLING DATA FORM 

Plant name fl1fJtt-~lJl L?Jh 
Sample location -"Xa-uJ6u· Cl<.dh.:r-

Operator 1~~~-f?~------------------~~----
Barometric pressure, mm (in.) Hg ex.,, <XI 

Pro be rna te ria l --"-/-{'.-'":-ffl!rn--"-""-''--"-----------------

~~eter box number _ __::~:::7=------------------

Ambient temperature, •c (•F) WZ 
Initial leak check {) »tL /wtirt @ !5 1~11-lzv 

r 'if 
Final leak check < C) 11 '' 11 

Sampling Clock Sample Sample flow 
lime, time, volume, rate setting, 

min 24 h 11. (ft
3 ) ~~(ft3/min) 

0 171/0 ?19. &'1(? t'J-5' 
s- 11~ts ';3 " ,'1 '1.5 
/0 /7SV \i'~.~'i! I 
15' lffOiJ 'il' '1 ' <) ss 
[k_) I ?/0 s 9o.0<64 
;;?.';) /<t{IO ('JO, 1g0 
30 }81':) C}[l, '!.~ 

35' 17f.J.O ~12.3ek \V 
Total Total 

t.',,..., 1 a -= :20. ;;lo:!>L 

a Percent deviation = 
AV - AV avg 

m m 100. 
t:.V avgm 

my !Ui ofUA ~Iff ofl 
Date /- 3/- f>:$;" 
Sample number ffJ,O ·-\lOST 

Probe length m (ft) __ :::~=/~77--:--.,..---
Probe heater setting ;11(1,q 
Meter calibration factor (Y) /.Off:j 

Sample point location · TP- (. 

~L-UJ[A:;7fi ~ 
0 Cj<VJt-cC, 

buh'!.Z';j 
,wfuqj_ ! 

Sample purge time, min IV~ 
Remarks F/('.!A!I#=-- 18'02. 

1 

f?.IIKj::_fl:-. -::J./00 

Sample volume 6jtr~r Dry gas 
ilacWlP'J 
~Imp:i~:~ger 

metered (AV ), du1iiB~ion, 
a meter temp, ·R~np, 

m 
11. (ft3 ) OF % •c (•F) •c ("F) 

- _'fig ~<L _c; 
0.09") SfJ &.:2- '5' 
O. I OG::. &a (_,2_ c:· 

~ 

D, I Ot.f 50] &2- ,.5 
o.o,~ &o {.,_~2- c 

. .7 

O.(Q,, (, 7- G-3 c· 
• ..> 

o.oq-g G Lf (, 3 " ) 

0. OCIJ'i{ 05 (._,L{ .5 
I!.V Avg Avg Max 
avW (), /0/ dev &.;z, ~ temp 

- ---------

s== o.votJ 

Quality Assurance Handbook M6-4.l 



SOURCE SAMPLING PROCEDURE- EPA METHOD 7 - NOx D:>tc L ~.v Y r1 1 r.JJ__ 

tJj 

.... 
w 
co 

I 
' 

Company fl-1 (? 1 ••f/{) 

Sample Point ScQ<h'lNcAI Ou-rLlfT 

J 4 f!,e Initial 
C~r;:::t, Bar, Flask Temp. 
Sample "!ask Press. V~cuum ° F 

Day rrtme No. No. ·in- Hg in. Hg 

V)z I yo!) 1--/l 
r.d J-/ 2.__ ,}f. If/ .27.?6 6'6 

"{ 2'' ;;;~, J/-r ') f ,l.J; 1 7 io t!h 
~ /·c. Lt( '-f ?7.]0 66 i-to'-Vc-.ll )f. 'fl 

' 'fj 2~ (5-20 
,. 

2 y, '-I I 27. ]tJ 6£· \I lr 1..7 

/_;u /'-IJd' 
')·/} 
'7?.1.' z;~ '>f. ., 7 

~' ' J }. 7- 3 s- Gt.f 
llf.JO 

) - t3 
f7) >/} _")'/,J7 21.10 6i 

I o o!J 2- c ~/v 7'1.37 ).7. 35" 6t.f (I) 

'" 
lj' [[{)- t) 

r(7) 27,1;7 ')'(. 57 ')7. J~ £L 

'/JL /3 ~ 'f ~;"1 2--/J._ 2--f. J-I J-?r ~{) 6r 
-7/J 

' . 

' yM 1Lv1 '). f, 2--/ !]{rOO lf}_ y 
i lf/} (gJ ~llf 'J-f, J I )-7./fJ 'y 

Clean 
Up. 

Analysis 
Day Time 

' 

Ho lo:oo 
t·3o 

I-3D 

' 
-30 i 

I 

' ' 
II, JO ' 

,,_ ,o 
I 

{-Jo I 
' 

t~Jo 
., 

[ 

i 

t/J! ' 
' 

1/71 ' 

1/J! 
!, r 'fUr (g) ').07 ). f, ~J 2G·@'D &i . ;hi 
L~ 

Project ______________________________________ __ 

Analyst ______________________________________ ___ 

Final 
ABS freT lot ... FLASK 

Bar, Flask rremp. Dil. NO>< NOx 
Press. Vacuum oF @ -ml· VoL-118. Cone. Cone. 
in llg in Hg 420 ml lb/ scf ~ 

' 
' 

'()_"J,37 "1.5 bs· 
;J.~/37 0.5 65" 

~"1.37 ~0.4 t,!J 
D 

rJ_Dj~J7 0.6 65 
' 

I 

. 

).f, 1 7 0.4 64"' 
~r. 1 '7 O.b 61 Q 

zr, ? 7 0.2 64 <> ' 

164 " . Jr- n 0.3 -

' &5 .;z~, 5l o.r[ 

?.") s-'2. /!0 rot; 

:J,").; s- 2.- o.7 (;6 

L0r s 1 {),& (;( 

·-
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ANALYSIS REPORTS 
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- ' I DATE I UlGt:~~-.,, f":- {) ::.._- I j -

f---~I'OIIT RESULTS TO-

ANALYSIS .. REQUEST ,~ <::.- •'::' ·-·:.-02 
------

FILES/~ 

'!SANTO RESEARCH CORPORATION REQUESTER"" CHARGE NO.•• f,1,,_ ~ 
DAYTON Lo\BORATORY -- ~~ t: f~ /CO - ,_\. t-i. ::::1-:· '··~· 

~-·f1PlE DESCRIPTION NUMBER OF BOTTI.ES: MIMBER OF SAIIIPLES •• li;;. r._,-..; 
- J: L \;. \:~r:. 

!." . ...,.. -- T. 'iv ..... 1 ~,; L _-- . ..;- ~-.x- ~-

-- ANALYSIS REQUEST 1l 

- J""'l - ... '"\ 

.:::; I '12 FILES 
l .L \.d.)) 

5, :1CC11 
..). ke. 

..., 
-.. K. I: vuLt 

' 
':1 )~- 1'1 

' ?. .Sr.~r r· (.· .-. 
t·J ~-"\ 1- J..'f 

' 

• .;) 'l j. ~\ If;\"-
' 

I I =·b .~~0-~' 
.. ·-·-

i;.... nt..::. ) !1'1'6 SAMPLES FOR: 

I"' L.j 1-\ ; J"' ~:-;t:_ -· 1131 --~ 

l'l , .. "111. ;]ILjl{ 
SAIIIPLE LOCATION 

a-· ~c L .JI 
RECORDED BY: ~~ •....:.: .e;r: .. 

"EQUIRED ANALYSis•• .j 

r~c {\:,<;:; t-\ l o.\y -_ic 
. _./I -;. ) •. .. ~ • 

\_s.. • · .. L- v· .. - \ L : \1 ·, --.) t :~_-. ':: 

--· 
!OWN HEALTH HAZARD PRESENTED BY SAMPLE: •• 

! 

ANALYTICAL TECHNIQUE •• 

0 GAS CHROMATOGRAPHY 0 NMR 

0 ULTRAVIOLET 0 HPLC 

0 VISIBLE 0 XRD 

i.EFERENCE TO PREVIOUS WORK (REQUEST f. JOURNAL. ETC. I •• 0 INFRARED 0 ICP 

0 EMISSION 0 ATOMIC ABSORPTION 

0 EDAX XRF )it.. MASS SPEC 

0 MICROSCOPY 0 GC/MS 

0 OTHER 0 AUTO ANAL YlER 

COMPLETION DATE . . ~-. I . I .. ·-
QUAL- SEMI QUANT. __ QUANT. __ 

TIME ALLOTED FOR ANALYSES REQUIRED QA/QC 

ANALYST HOURS INS~ TIME 

.-.. 

••SAMPLE DISPOSAL: 
AFTER REPORT COMPLETE -):0 DISCARD 0 RETURN B-141 HOLD FOR 030 DAYS Ooo DAYS or 

•• rn1~ INFORMATION MUST BE SUPPUED BY ANALYSIS REQUEST ORIGINATOR 



-ANAfYS:rs IMlt I LOG 1«1. REPORJ RESum .. l· 
REQUEST 2-5-~5 . !- ~5- 02.-12- -~5-02 FILES /t6ftfiC . 

MONSAN'rO RESEARCH CORPORATION REQUESttR- CHARGE: NCi:• fikP:;; 
...:.---...· DAYTON L4BORATORY 0. Fl. P., IE~ '1W ~r.~::.tn.:_;-. 

s ... TIIPLE DESCRIPTION NUMBER OF BOTTLES: WMBER OF SAMPLES •• 12. T:v,.r~ 
. -- -- - -· . .. •.. :r. rl. \c~ \ ~ ·~ \fC'~T F,vN~- ]j,bo 'if 

15 
ANALYSIS REQUes-.. - 3q) 1- .30 FILES 

IG ~002.., .:2-3() :r Je<> . ~ 

ll - .Q.cCA) .Qit2 
j;_. I liC r4 

. -
"P. 2b.rt<, .• ~. 

ll n<c'h a' .,.:e JJ\ ie•-:-:t 
1'1 1(~"'- -:. 11'1 I -

..,;._/ 

d.O ''ioa. I QIOO 
SAMPlES FOR: 

-' ..J. J..,::_f... 
- SAMPlE LOCATIO 

.. --.--- . . . 
~r • ,- I G -;, 

RECORDED BY: T•~ ... : r:, <:.'"'-

REQUIRED ANALYSIS•• 
.. 

lj./F\S ·fcc C.C.L1 y<:hlccc\:R~f<:ere\ 

KNOWN HEALlH HAZARD PRESENTED BY SAMPLE: •• ANALYTICAL TECHNIQUE •• 

0 GAS CHROMATOGRAPHY 0 NMR 

0 ULTRAVIOLET 0 HPLC 

0 VISIBLE 0 XRD_ 

REFERENCE TO PREVIOUS WORK I REQUEST #, JOURNAL, ETC.) •• 0 INFRARED 0 ICP 

0 EMISSION 0 ATOMIC ABSORPTION 

0 EDAX XRF 0 MASS SPEC 

0 MICROSCOPY ~CIMS 
0 OTHER 0 AUTO ANAL VZER 

COMPLETION DATE ~ b:, I ),5 QUAL __ SEMIQUANT. __ QUANT, __ 

TIME ALLOTED FOR ANALYSES REQUIRED QAIQC 

ANALYST HOURS INST. TIME 

~~--------------------------------'-.,./ -------------------------------
••SAMPLE DISPOSAL: 
AFTER REPORT COMPLETE IY) DISCARD 0 RETURN B-142 HOLD FOR 030 DAYS 060 DAYS 

•• THTS INFORMATION MUST BE SUPPUED BY ANALYSIS REQUEST ORIGINATOR 



""I 

ANALYSIS REQUEST TlAlt -9--t"~:'; ii.OONO.i-~: 5-G2-IJ-~ (J'J.. 
nONSANTO RESEARCH CORPORATION REQUESTER"" CHARGE NO~· 

.._, DAYTON LI\BORATORY J: R P, I &r£: '7 (- 0 
SRrli'PlE DESCRIPTION l'llMBER OF BantES: Mlii'IBER OF SAII'IPUS •• ·--· 

,..- • • • II> 

.... ·f1 ., I \I. • ' .
-~{\; ( .~l._ I h...1l; 

REcoRDED sy, T L~s 

REPORT RESULTS TO"" 

FILES !KUUJE 
fir:<:':.. -L,L<...t • 
~t:- :·:. :_ :""1 

-' r. ·.J. H r.: tf.:..f "-- -
ANAlYSIS REQUEST n 
FILES 

Il{: .. 

F 1.(.., ·l 
L < ~ _.\ ..... (,-.,~,-· 

SAMPLES FOR: 

~. 

,_j ~-=~c.. 

SAMPU LOCATION 

I . 

\..C: I :I 

I . - I t. • . ~ 
I .. ; ·- t .,_ '_: \._,. : ._..f .. -,_·:. 

r- . 
•-· ("'I, .. _.._,, . \-' ~- . . r 1- - --1- .- - ~-. :~ . . . '-- ~ . '- ; 

· KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: •• 

REFERENCE TO PREVIOUS WORK !REQUEST f, JOURNAL. ETC. I •• 

COMPlETION DATE ~ L> I~ 5 
TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

·-" 
:~~--------------------------------

I 

ANALYTICAL TECHNIQUE •• 

0 GAS CHROMATOGRAPHY 

0 ULTRAVIOLET 

0 VISIBlE 

0 INFRARED 

0 EMISSION 

0 EDAX XRF 

0 Ml CROSCOI'Y 

0 OTHER 

0 NMR 

0 HPLC 

0 XRD 
)si ICP 

0 ATOMIC ABSORPTION 

P,.MASS SPEC 

~GCIMS 

0 AUTO ANAL YlER 

QUAL-- SEMIQUANT. __ QUANT. __ 

REQUIRED QAIQC 

••SAMPlE DISPOSAl.: 
AFTER REPORT COMPLETE ~DISCARD 0 RETURN B-143 HOLD FOR 030 DAYS 060 DAYS on 

•• TUYe n11:nDMATTnfll MII<;T Rf SIIPPUED BY ANALYSIS REQUEST ORIGINATOR 



I 

• 

ANALYSIS REQUEST IDA~J _ (.- ~&=) ILOGNO."--~".:.r\?- l?-n 
MONSANTO RESEARCH CORPORATION RBlUESl'ER- CHARGENO.-

- ~ DAYTON L~BORATORY :1. A_ P.:, \,(c. ""{ (-() 

SArliPI.E DESCRIPTION NUMBER OF BOTTlES: NUMBER OF SAMPlES •• r 
'-" 

~Fl C- 2 k: :.:.:1n Tul£s 
1-.ui: l1 6 

't lc 1 1:.. 

F r-H- 5 f, I \e.::, (;) 
~ .. , ) 

' -\..' I \ ;_; 

[!~:;.~:., 

[ n~ 5 Di:'- C I~ ~;,- :£ P ·_·!C\c2. 

;::;~, ;-'I\ : (,·f Joe \-P:-) 

REQUIRED ANALYSIS•• 

. . . . 

/i\ ' ) 

RECORDED BY: T ~ ;- ": 

REPORT RESULTS >
FlUS/~ 

Me!';, ··_ 
IvJr'{ 
::r eli, .D.n 
,... ---- .--. 
'-'· r;. l•=V<:.. 

ANALYSIS REOUEST • 
FILES 

:s. ~f.e. 
.. _k. !vcrq 

l.::t-:-:rnr:r· . -
JJi i<-ir-·-·-- . '....-

SAMPLES FOR: 

i Lar V· ·-C 

SAMPlE LOCA TIOI 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: •• ANALYTICAL TECHNIQUE •• 

REFERENCE TO PREVIOUS WORK (REQUEST #. JOURNAL, ETC. I •• 

COMPLETION DATE :_, i ·; " I ~ c: 

TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

-~~----------------------------

0 GAS CHROMATOGRAPHY 

0 ULTRAVIOLET 

0 VISIBLE 

0 INFRARED 

0 EMISSION 

0 EDAX XRF 

0 MICROSCOPY 

0 OTHER--

0 NMR 

0 HPLC 

0 XRD 

0 ICP 

0 ATOMIC ABSORPTION 

0 MASS SPEC 

"R GCIMS 

0 AUTO ANAL yz£R 

QUAL __ SEMI QUANT. __ QUANT.--

REQUIRED QAIQC 

••SAMPLE DISPOSAL: 'l:tiDISCARO 0 RETURN B-144 HOLD FOR 030DAYS 060DAYS 
~A~F~IER~R~EP~~~T~C~OM~PLETE~--~~~--------------

a 

•• TilT<; TNFORMATION MUST BE SUPPUED BY ANALYSIS REQUEST ORIGINATOR 



ANA~YSIS lllA'It I LOG 00. 
,_ 

-' 

REQUEST 2• 5 • 9~ \- r;, e; • r'>1- I '2- f' '2 
IW'OI!T R£S!li.'IS m· 

-.. ---~ m£5~--~ 

MONSANTO RESEARCH CORPORATION !WlUESTER- CIWIG£00.- -- -- ,...-~~s 
.. -

DAYTON l.&.BORATORY TA.~I"'r!'-- /t-,0 
--

'· : ... ~--. ,. - ~ 

~I'I..E DESCRIPTION NUMBER OF B!l1'1'U:S: NUMBER OF SAIIIPW .. 12. . 
L .. i .. r..-: 

- ·- ---

\( 1\C."f" ~- :_:, r: !': - J.l\. \'\' \• c v.._,.-. \ ~- ~ . \1 
ANALYSIS REQUEST 1 

i l·i.,., :t FILES 
~ 

' ' ..... \..;; --k 7 J. I. -;:: t::. 

<' R !._,, -~I-;-r - - - ' -...... :j t-~ \ -. -- - . - 0 . 
r'- ~ (',r;. -

A I :0 I . r: ~-~--
~- ,_ J. Ft l(,i:, ~ 

;-- _,_ ~ "1 - SAMPLES FOR: .._, .. -· ·--·- , ..... 
u 

j i.. . _..._ ...... _ ~ .._. 

SAIIIPI.E LOCA TIOIII 

RECORDED BY: Q \I .. ~ l '~~ z. i 

REQUIRED ANALYSIS•• 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: ·~ ANALYTICAL TECHNIQUE •• 

0 GAS CHROMATOGRAPHY 0 NMR 

0 ULTRAVIOLET 0 HPLC 

0 VISIBLE 0 XRD 

REFERENCE TO PREV!OOS WORK I REQUEST #. JOORNAl. ETC.I •• 0 INFRARED 0 ICP 

0 EMISSION 0 ATOMIC ABSORPTION 

0 EDAXXRF 0 MASS SPEC 

0 1\11 CROS COPY Q{GCII\IS 

0 OTHER 0 AUTO ANAL VZER 

COMPLETION DATE ·+ ~ i. ~ QUAL-- SEMI QUANT. __ QUANT. __ 

TIME ALLOlED FOR ANAlYSES REQUIRED QA/QC 

ANALYST HOURS INST. TIME 

-_.,. _____ . 

. -

••SAMPLE DISPOSAl.: 
AFTER REPORT COMPLETE 

0 DISCARD . 0 RETURN B-l4s HOLD FOR 030 DAYS · Ooo DAYS·. OTH 

- TIH~ iNFORMATION MUST BE SUPPLIED BY ANALYSIS REQUEST ORIGINATOR ·: .• .- .. 
• - < . 



Time Stamp • <851203.1249> 

LOG NUMBER: 1-85-02-12-02 

TO: Jim Peters/Mound 
Monsanto Company 
U4D 
St. LQuis, Missouri 

ANALYSIS REPOB.T 

DATE: November 21, 1985 

PB.OJECT NO: 760.18-760 

FROM: J~net Lee Wuebbels 
Environmental Sciences Center 
Monsanto Company 
800 N. Lindbergh Blvd. 
St. Louis, Mo. 63167 

Phone No: (314) 694-1464 

Title: Analysis of Samples Collected in Hound Incineration Study by GCfMS. 

AJ!STB.ACT 

.Air .sampbs colle.c~ed _•m.TJitnax_~"!!L~A.JCAll_ re••i.I1S, and samples of the 

sludge fed to the incinerator were submitted for identH"ication by· - · 
GC/MS of selected organic compounds. The samples were collected during 

a trial burn at the incinerator at the Mound Laboratory at Dayton, Ohio. 

The results were reported to Jim Peters of ESC, who was responsible for 

the experimental design and administered the sample collection. 

INTB.ODUCTION 

Fourry Tenax tubes were received from Jim Peters on February 5, 1985, 

for the analysis of selected volatile compounds. The samples were collected 

on the paired Tenax tubes using a VOST sampling aparatus. The first six 

sets of tubes were analyzed for acrylonitrile and acetonitrile. The 

remainder of the Tenax tubes were to be analyzed for the compounds 

acrylonitrile, carbon tetrachloride, chlorobenzene and phenol. 

In addition, two samples of sludge feeds were received for the analysis 

of the compounds listed above. The sludges were sent to the Physical 

Sciences Center for the analysis of water content, metals by ICP, 

TOX, and BTU content: Two XAD resins sampled from the VOST sampling 

aparatus were submitted for the analysis of PAH compounds. EPA-5 

filters were included on the original request but these samples 

were not received. Two beakers were received that were labeled as 

methylene chloride rinse residue, one #50743, the other #50746. 

A sample of the scintillation fluid that was added to the sludges 

was also submitted for analysis by GC/MS for organic characterization. 
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The VOST run samples #l-6 were analyzed for the compounds acrylonitrile end 
acetonitrile. Selected .ion mass spectrometry was used to optimize sensitivity 
and selectivity to these compounds. The analytical method is described in 
the attached method file, MSAN09. These compounds were identified in some 
samples and the results are shown in Tables 1-7. The limit of detection 
was 10 nanograms for these compounds. 

The VOST run samples #7-20 were analyzed for acrylonitrile, carbon 
tetrachloride, chlorobenzene, phenol, and xylenes. Again, selected ion 
mass spectrometry was used and the method is described in MSAN13, 
attached. The results are shown in Tables 7-19. 

The sludges were analyzed by capillary GCjMS. A portion of the sludges 
were weighed into methylene chloride, sonicated to completely mix, 
diluted 1/5 in solvent and injected, The analytical method is described 
in MSANOl. The results are shown in Table 20. Phenol was found in 
both sludges in addition to an unknown compound. Also listed are 
the results of the analyses of the sludges for water content, BTU, end 
qualitative x-ray flourescence. The results of the iductively coupled 
plasma analysis are shown in Table 21. 

The scintillation fluid was injected on the capillary GC/MS for 
organic characterization. The primary compounds found were xylene 
isomers, both at approximately 5%. Table 22 further elaborates the 
results of this assay. 

Table 23 discusses the results of the widescen analysis of the 
methylene chloride residues. No organic compounds were identified 
in these extractso 

QC li.I!:SULTS 

In the analysis of the VOST collected Tenax tubes, the following QC 
procedure was followed: Each day of the analysis, a blank Tenax 
tube (that had been heated to 280C and securely capped until use) 
was injected with a solution of the internal standard, d6-benzene. 
The tube was desorbed using the same procedure that was used for each 
sample. In the case that: the blank tube showed the presence of one 
of the analytes of interest, the analysis was discontinued until 
the source of the contamination could be found. 

Each day, a blank tube was spiked with a solution of the analytes 
of interest at the level of 10 ng.· in addition to being spiked 
with the internal standard solution at 10 ng. The response factor 
was calculated daily from the ratio of the area of the analyte 
base peak to the ratio of the area of the base peak of the internal 
standard spectra. The response ratios were compared on a dey to dey 
basis. If the ratios deviated greatly from the average, the analysis 
of the standard was repeated. 

Two samples were received from each VOST run, although these represented 
the front and beck tube in the sampling train, and were not duplicate 
samples. The nature of this type of sample prevents the performance 
of duplicates, since the samples is completely desorbed from the Tenax 
in one analysis. Spiking studies were also not done for this reason, 
since there were no duplicate or extra samplesa 
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In the analysis of the scintillation fluid, the sludges, and the 
methylene chloride residues, the Good Laboratory Practices 
Guidelines were followed. 

COMIIENTS 

The extraction and analysis of the XAD-5 resin from Run #8 was 

delayed during the move to St. Louis and the lab set-up. This 
sample will be analyzed and an addition to this report will 
be generated with the results. 

DETAILS 

.Stapdard Analysis Method No(s): MSANOl, MSAN09, MSAN13 

Final Report File No(s): A76051 

Table File No(s): B76051, C76051, D76051, E76051, F76051, G76051, 
H76051, 176051, J76051, K76051, L76051, M76051, 
N76051, 076051, P76051, Q76051, R76051, 576051, 
T76051, U76051, V76051, X76051, Z76051. 

ANALYST(S): Shirley Barksdale, Kathy Blaine, Janet Lee Wuebbels 

ANALYST APPROVAL: 
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Time Stamp- <851202.1023>. 

TA!ILE 1. Analysis of Acrylonitrile and Acetonitrile in Tenax Tubes 
from Mound 

ESC Projeet No: 760 

ESC 
ANALYTICAL 

VOST RUN #l 
Front 

#l-16 

ANALYTE METHOD LOD(ng.) 

Aerylonitrile MSAN09 

Aeetonitrile MSAN09 

OOCUMEl'ITATION 

.ESC Extraction Method 
ESC Analysis Method 
Date of GC(MS Analysis 
MS FRN 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

NA 
MSAN09 
5-17-85 
17474 

Date: June 15, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #l 
l!aek 

# 51 

CONCENTRATION (ng.) 

NA 
MSAN09 
5-17-85 
17473 

LOD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not ap1icable 

TABLE FILE NO: B7605l:JL:59 
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TABLE 2. 

Time Stamp - <851202.1023>. 

Analysis of Acrylonitrile and Acetonitrile in Tenax Tubes 
from Mound 

ESC Project No: 760 Date: June 15, 1985 

ANALYTE 

ESC 
ANALYTICAL 

METHOD LOD(ng.) 

VOST RUN #2 
Front 

# 10 

SAMPLE IDENTIFICATION 

VOST RUN #2 
Back 

#2107 

CONCENTRATION (ng.) 

Acrylonitrile MSAN09 10 27 

261 

Tube was broken 

Acetonitrile MSAN09 10 • • • 

DOCUMENTATION 

---- ....... -___ .. __ ... __ .. __ .. _ _. .. _____ .. __ ,.. ____ .. ___ ... _ ... _ .. ~--"" ... __ ... __ ... --- _ ...... -.... __ ..... _ .. -- -_:"'_ .. __ .... __ .. ___ .. _ ... --- .. _ .. _ ............ -....... -.... --- ..... ----- ----
ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN .. -----

EXPLANATION OF ABBREVIATIONS: 

NA 
MSAN09 
5-20-85 

17477:-

NA 
MSAN09 
5-17-85 

. - - ·I:.o-st 

LOD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 
-----------------------------------------------------------------------------
TABLE FILE NO: C7605l:JL:59 
-----------------------------------------------------------------------------
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Time Stamp - <851202 .1023> . 

TA!!U: 3. Analysis of Acrylonitrile and Acetonitrile in Tenax Tubes 
frCII!I Mound 

ESC Project No: 760 

ESC 
ANALYTICAL 

VOST RUN #3 
Front 

#2121 

ANAL TIE METIIOD LOD ( ng. ) 

Acrylonitrile MSAN09 

Acetonitrile MSAN09 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GCfMS Analysis 
MS FRN 

10 

10 

EXPLANATION OF AllllREVIATIONS: 

12 

NA 
MSAN09 
5-20-85 

17479 

Date: June 15, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #3 
!lack 

# 55 

CONCENTRATION (ng.) 

23 

NA 
MSAN09 
5-20-85 
17478 

LOD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal s t:andard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TAilLE FILE NO: D760Sl:JL:59 
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Time Stamp • <851202.1023>. 

TABLE 4. Analysis of Acrylonitrile and Acetonitrile in Tenax Tubes 
from Hound 

ESC Project No: 760 

ESC 
ANALYTICAL 

ANALYTE METHOD LOD(ng.) 

Acrylonitrile HSAN09 

Acetonitrile HSAN09 

DOCIJMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of CC/MS Analysis 
HS FRN 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

VOST RUN #4 
Front 

#1801 

Datei June 15, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #4 
Back 

#1785 

CONCENTRATION (ng.) 

Tube was broken ND 

• • 

NA 
HSAN09 
5-20-85 
Lost. 

• Estimated 20-50ng . 

NA 
HSAN09 
5-20-85 

..... 17.480 

LOD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

Nil - none detected with a detection limit given by the LOD value ' 

NA - not aplicable 
-----------------------------------------------------------------------------
Note: The concentration of acetonitrile in tube 1785 could not be quantitated 

due to interferences present at the retention time of the internal 
standard, d6-benzene. 

-----------------------------------------------------------------------------
TABLE FILE NO: E7605l:JL:59 
-----------------------------------------------------------------------------
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Time Stamp - <851202.1024>. 

TAIIU 5. Analysis of Acrylonitrile and Acetonitrile in Tenax Tubes 
fr0111 l!:mmd 

ESC Project No: 760 

ESC 
ANALYTICAL 

ANALYrE I!En!OD LOD(ng.) 

Acrylonitrile MSAN09 

Acetonitrile MSAN09 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
l!:S FRN 

10 

10 

EXPlANATION OF ABBREVIATIONS: 

VOST RUN #5 
Front 

#2123-F 

ND 

33 

NA 
l!:SAN09 
5-22-85 
17485 

Date: June 15, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #5 
Back 

#2072 

CONCENTRATION (ng.) 

ND 

31 

NA 
l!:SAN09 
5-22-85 

17486 

LOD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TABLE FILE NO: F7605l:JL:59 
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Time Stamp - <851202.1024>_ 

TABLE 6. Analysis of Acrylonitrile and Acetonitrile in Tenax Tubes 
from Mound 

ESC Project No: 760 

ESC 
ANALYTICAL 

VOST RUN #5 
Front 

# 36-F 

ANALY!E METHOD LOD(ng.) 

Acrylonitrile MSAN09 

Acetonitrile MSAN09 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GCJMS Analysis 
MS FRN 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

ND 

13 

NA 
MSAN09 
5-22-85 

--- H487 

Date: June 15, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #5 
Back 

#2026B 

CONCENTRATION (ng.) 

ND 

32 

NA 
MSAN09 
5-22-85 
.17488 

LOD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been. spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 
-----------------------------------------------------------------------------
TABLE FILE NO: G7605l:JL:59 
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.Time Stamp • <851202 .1024> . 

TABU: 1. Analysis of Acrylonitrile and Acetonitrile in Tenax Tubes 
frOIIl Mound 

ESC Project No: 760 

ESC 
ANALYTICAL 

ANAL'ITE l!E1'l!OD LOD(ng.) 

Acrylonitrile MSAN09 

Acetonitrile MSAN09 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GCjMS Analysis 
MS FRN 

10 

10 

Blank Tube 
#2104 

QC 
MSAN09 
5-22-85 
17489 

Date: June 15, 1985 

SAMPLE IDENTIFICATION 

Blank Tube 
#2014 

CONCENTRATION (ng.) 

QC 
MSAN09 
5-17-85 

17470 

I ' EXPLANATION OF ABBREVIATIONS : 
LOD - limit of detection in nanograms, estimated from standard analyzed 

under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplieable 

TABLE FILE NO: H7605l:JL:59 
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Time Stamp • <851203.1301> 

TABLE 8. Analysis of Selected Compounds in Tenaz TUbes 
from Mound 

ESC Project No: 760 

ESC 
ANALYTICAL 

ANALYTE METHOD LOD ( ng. ) 

Acrylonitrile MSAN13 

Carbon MSAN13 
Tetrachloride 

Chlorobenzene MSAN13 

Phenol MSAN13 

Xylenes MSANl.3 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 

. MS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS : 

Date: October 7, 1985 

SAMPLE IDENTIFICATION 

Blank Tube VOST RUN #7 VOST RUN #7 
TUBE #2018 #17 TUBE #2104 

CONCENTRATION (ng.) 

ND 

<10 

<10 

<10 

. .:10 

QC 
MSAN13 
7-10-85 
17614 

ND 

<10 

<10 

<10 

<10 

NA 
MSAN13 
7-10-85 
17611 

ND 

<10 

<10 

11 

.... 15 

NA 
MSAN13 
7·10-85 
17612 

LOD - limit of detection in nanograms, estimated from standard analyzed 

under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

--------------------------.---------------------------------------------------
TABLE FILE NO: I7605l:JL:59 

-----------------------------------------------------------------------------
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Time Stamp - <851203.1250> 

TABLE 9. Analysis of Selected Compounds in Tenax TUbes 
from Mound 

ESC Project No: 760 

ESC 
ANALYTICAL 

Date: October 7, 1985 

-------------------------------~------------SAMPLE IDENTIFICATION 

VOST RUN #8 VOST RUN #8 BLANK 
'l"UBE #S 'l"UBE # 20 '1 I TUBE #17 

--- -p-~Ai ~ ------ -'iJ$.ili. --------w ""ii.iriit:..-

ANAL TIE METHOD LOD(ng.) CONCENTRATION (ng.) 

Acrylonitrile MSAN13 

Carbon MSAN13 
Tetrachloride 

Ch1orobenzene MSAN13 

Phenol MSAN13 

Xy1enes MSAN13 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

ND 

<10 

<10 

<10 

17 

NA 
MSAN13 
7-10-85 
17613 

SAMPLE lii'AS 

BROKEN IN 

TRANSIT 

NA 
MSAN13 
7-10-85 

ND 

102 

ND 

ND 

<10 

QC 
MSAN13 
7-11-85 
17615 

LOD - lilllit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internel standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TABLE FILE NO: J7605l:JL:59 
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Time Stamp- <851203.1250>. 

TABLE 10. Analysis of Selected Compounds in Tenax Tubes 
from Mound 

ESC Project No: 760 

ESC 
ANALYTICAL 

Date: October 7, 1985 

------------------------------------------~-

VOST RUN #9 
TUBE #79 

P;eo,vT 

SAMPLE IDENTIFICATION 

VOST RUN #9 
TUBE #29 

ANALYTE METHOD LOD(ng.) CONCENTRATION (ng.) 

Acrylonitrile MSAN13 

Carbon MSAN13 
Tetrachloride 

Chlorobenzene MSAN13 

Phenol MSAN13 

Xylenes MSAN13 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GCfMS Analysis 
MS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

ND 

ND 

<10 

<10 

15 

- - ------- -~·-" ~-

NA 
MSAN13 
7-11-85 
17619 

ND 

<10 

<10 

<10 

<10 

NA 
MSAN13 
7-11-85 
17618 

LOD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TABLE FILE NO: K7605l:JL:59 
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Time Stamp - <851203.1250> 

TAJ!L!!: 11. Analysis of Selected Compounds in Tene:z: Tubes 
from l!!ound 

ESC Project No: 760 

ESC 
ANALYTICAL 

!!LANK 
TUllE #17 

Date: October 7, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #10 
TUllE #1-24 

VOST RUN #10 
TUllE #72 

~Q·----------~~--------------·--------------3r\C"'- Fr<.ciJT 

ANALYTE METHOD LOD(ng.) CONCENTRATION (ng.) 

Acrylonitrile MSAN13 10 ND <10 ND 

Carbon MSAN13 10 <10 <10 ND 
Tetrachloride 

Chlorobenzene MSAN13 10 ND <10 ND 

Phenol MSAN13 10 ND ND ND 

Xy1enes MSAN13 10 <10 <10 18 

DOCUMENTATION 

----------------------------------------.-------------------------------------
ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN 

EXPLANATION OF ABBREVIATIONS: 

NA 
MSAN13 
7-16-85 
17628 

NA 
MSAN13 
7-16-85 
17630 

NA 
MSAN13 
7-18-85 
17633 

LOD- limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 

level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TABLE FILE NO: L7605l:JL:S9 
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Time Stamp • <851203.1250> 

TABLE 12. Analysis of Selected Compounds in Tenax Tubes 
from Mound 

ESC Project No: 760 Date: October 7, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #ll VOST RUN #ll _ VOST RUN #12 
TUBE #2081 TUBE #56 TUBE #1778 

--------------------,------------------,-----~ A) BAC~ 
n ,.,_;p i:> '-" ~ .<:. 

ANALYIE 

ESC 
ANALYTICAL 

METHOD LOD(ng.) CONCENTRATION (ng.) 

Acrylonitrile MSANl3 

Carbon MSAN13 
Tetrachloride 

Chlorobenzene MSANl3 

Phenol MSANl3 

Xylenes MSANl3 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

ND 

<10 

<10 

<10 

<10 

___ , ---- -

NA 
MSAN13 
7-19-85 
17637 

ND 

<10 

ND 

<10 

<10 

·---- --" ---

NA 
MSANl3 
7-19-85 
17638 

ND 

<10 

ND 

<10 

<10 

NA 
MSAN13 
7-19-85 
17639 

LOD- limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LaD value 

NA - not aplicable 

TABLE FILE NO: M7605l:JL:59 

-----------------------------------------------------------------------------
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Time Stamp - <851203 .1251> 

TABLE 13. Analysis of Selected Compounds :l.n Tenax Tubes 
from Ho=d 

ESC Project No: 760 

ESC 
ANALYTICAL 

ANAL TIE METHOD LOD ( ng. ) 

Acrylonitrile MSAN13 

Carbon MSAN13 
Tetrachloride 

Chlorobenzene MSAN13 

Phenol MSAN13 

Xylenes MSAN13 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

BLANK 
TUBE #17 

ND 

<10 

ND 

<10 

<10 

NA 
MSAN13 
7-22-85 
17641 

Dete: October 7, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #13 
TUBE #1757 

VOST RUN #13 
TUBE #44 

CONCENTRATION (ng.) 

ND 

ND 

17 

<10 

424 

NA 
MSAN13 
7-22-85 
17642 

ND 

ND 

<10 

<10 

<10 

NA 
MSAN13 
7-22-85 
17643 

.LOD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TABLE FILE NO: N760Sl:JL:59 
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Time Stamp - <851203.1251> 

TABLE 14. Analysis of Selected Compounds in Tenax Tubes 
from Mound 

ESC Project No: 760 Date: October 7, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #14 BLANK 
TUBE #2144 TUBE #17 

VOST RUN #14 
TUBE #1777 

--------------------------------------------

ANALYTE 

ESC 
ANALYTICAL 

METHOD LOD ( ng . ) 

2?-PtCK ri(C IJ;-

CONCENTRATION (ng.) 

-----------------------------------------------------------------------------Acrylonitrile MSAN13 

Carbon MSAN13 
Tetrachloride 

Ch1orobenzene MSAN13 

Phenol MSAN13 

Xylenes MSAN13 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

ND 

ND 

ND 

ND 

<10 

NA 
MSAN13 
7-22-85 
17644 

ND 

<lO 

ND 

ND 

<lO 

NA 
MSAN13 
8-8-85 
17659 

ND 

ND 

ND 

ND 

ND 

NA 
MSAN13 
8-8-85 
17660 

LOD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TABLE FILE NO: 07605l:JL:59 
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Time Stamp - <851203.1255> 

TABLE 15. Analysis of Selected Compounds in Tenax Tubes 
from Mound 

ESC Project No: 760 

ESC 
ANALYTICAL 

VOST RUN #15 
TUBE # 39 

Date: October 7, 1985 

SAMPLE IDENTIFICATION 

BLANK 
TUBE # 17 

VOST RUN #15 
TUBE #l-30 

----r:~k,:r:----------------------~~~----

ANALYTE METHOD LOD ( ng. ) CONCENTRATION (ng.) 

Acrylonitrile l!SAN13 

Carbon l!SAN13 
Tetrachloride 

Ch1orobenzene MSAN13 

Phenol l!SAN13 

Xy1enes l!SAN13 

DOCIJ!!ENTATION 

ESC Extraction Method · 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

ND 

<10 

86 

83 

41 

NA 
l!SAN13 
8-8-85 
17661 

ND 

ND 

ND 

ND 

ND 

NA 
MSAN13 
8-9-85 
17663 

<10 

<10 

<10 

<10 

<10 

NA 
l!SAN13 
8-9-85 
17664 

LOD- limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TABLE FILE NO: P7605l:JL:59 
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Time Stamp - <851203.1255> 

TABLE 16. Analysis of Selected Compounds in Tenu: Tubes 
from Mound 

ESC Project No: 760 

ANALY'IE 

ESC 
ANALYTICAL 

METHOD LDD(ng.) 

VOST RUN #16 
TUBE #2062 

Date: October 7, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #16 
TUBE #2-30 

BLANK 
TUBE #17 

CONCENTRATION (ng.) 

-----------------------------------------------------------------------------
Acrylonitrile MSAN13 

Carbon MSAN13 
Tetrachloride 

Chlorobenzene MSAN13 

Phenol MSAN13 

Xylenes MSAN13 

DOGtlMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN 

10 

10 

10 

10 

10 

EXPUINATION OF ABBREVIATIONS : 

<10 

<10 

72 

12 

20 

NA 
MSAN13 
8-9-85 
17665 

<10 

<10 

<10 

<10 

<10 

NA 
MSAN13 
8-15-85 
17666 

ND 

ND 

ND 

ND 

ND 

NA 
MSAN13 
8-15-85 
17663 

LDD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LDD value 

NA - not aplicable 

TABLE FILE NO: Q7605l:JL:59 
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Time Stamp • <851203.1255> 

TABU: 17. Analysis of Selected Compounds in Tenu: Tubes 
fr0111 Hound 

ESC Project No: 760 

ESC 
ANAL'YTICAL 

ANALYTE METHOD LDD ( ng. ) 

Acrylonitrile HSAN13 

Carbon I!SAN13 
Tetrachloride 

Chlorobenzene MSAN13 

Phenol HSAN13 

Xylenes HSAN13 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GCjMS Analysis 
HS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

VOST RUN #17 
TUBE #2099 

ND 

13 

29 

ND 

329 

NA 
HSAN13 
8-9-85 
17670 

Date: October 7, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #18 VOST RUN #18 
TUBE #2135 TUBE #1789 

CONCENTRATION (ng.) 

<10 

<10 

ND 

ND 

ND 

NA 
HSAN13 
8-9-85 
17671 

• ND 

<10 

31 

<10 

287 

NA 
HSAN13 

8-15-85 
17672 

LOD - limit of detection in nanograms, estimated from standard analyzed 

under the same conditions, that has been spiked with the same 

level of the internal standard 

ND - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TABLE FILE NO: R7605l:JL:59 
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Time Stamp - <851203.1256> 

TABLE 18. Analysis of Selected Compounds in Tenax Tubes 
from Hound 

ESC Project No: 760 

ESC 
ANALYTICAL 

VOST RUN #19 
TUBE #1791 

Date: October 7, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #19 
TUBE #1753 

···-----------------------------------------£,-~ rLv.u-;-

ANALYTE METIIOD LCD(ng.) CONCENTRATION (ng.) 

-----------------------------------------------------------------------------Acrylonitrile MSAN13 

Carbon MSAN13 
Tetrachloride 

Chlorobenzene MSAN13 

Phenol MSAN13 

Xylenes MSAN13 

·DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS: 

ND 

<10 

ND 

ND 

ND 

NA 
MSAN13 
8-15-85 
17673 

ND 

<10 

160 

<10 

432 

NA 
MSAN13 
8-15-85 
17674 

LCD - limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

ND - none detected with a detection limit given by the LCD value 

NA - not aplicable 
----------.-------------------------------------------------------------------
TABLE FILE NO: S7605l:JL:59 
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Time Stamp - <851203.1300> 

TABLE 19. Analysis of Selected Compounds in Tena:>: Tubes 
from Mo=d 

ESC Project No: 760 

ESC 
ANALYTICAL 

VOST RUN #20 
TUBE #1802 

Date: October 7, 1985 

SAMPLE IDENTIFICATION 

VOST RUN #20 
TUBE #2100 

-----fiD~~-------------------~~--------

ANALYIE METHOD l.DD ( ng . ) CONCENTRATION (ng.) 

-----------------------------------------------------------------------------Acrylonitrile MSAN13 

Carbon MSAN13 
Tetrachloride 

Chlorobenzene MSAN13 

Phenol MSAN13 

Xylenes MSAN13 

DOCUMENTATION 

ESC Extraction Method 
ESC Analysis Method 
Date of GC/MS Analysis 
MS FRN 

10 

10 

10 

10 

10 

EXPLANATION OF ABBREVIATIONS : 

13 

<10 

109 

<10 

222 

NA 
MSAN13 
8-15-85 
17675 

13 4----

<10 

NO 

NO 

<10 

NA 
MSAN13 
8-15-85 
17676 

LOD- limit of detection in nanograms, estimated from standard analyzed 
under the same conditions, that has been spiked with the same 
level of the internal standard 

NO - none detected with a detection limit given by the LOD value 

NA - not aplicable 

TABLE FILE NO: T76051:JL:59 
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Time Stamp - <851203.1256> 

TABLE 20. Analysis of Sludge Feed 

ESC Project No: 760 Date: October 7, 1985 

Sludge Feed was analyzed for carbon tetrachloride, chlorobenzene, 
phenol, acrylonitrile, water content, metals (ICp), TOX, and BTU 
content. 

COMPOUND SAMPLE 
Sludge Run #7 Sludge Run #8&9 

Carbon tetrachloride ND, LOD-lOppm ND, LOD-lOppm 

Chlorobenzene ND, LOD-lOppm ND, LOD-lOppm 

~;;e.n( 
Phenol . ;,JJ.A c,kWfV · 7321 ppm 

...-- F<1'1"..--.; a:- or f-ro--
24,200 ppm 

Unidentified chlorinated 7300 ppm 4800 ppm 
compound, MW-136 

1 
'Water Cont:ent: 50.43%,43.2%(dup) 46.0%,43.47%(dup) 

TOX (Results have not been received from PSC) 
2 

BTU Content 

Qualitative X-ray 
Floureseence 

3 

1217 BTU/LB 
1162 (dup) 

1111 BTU/LB 
1181 (dup) 

siHccin, sulfur, calCium, caduun-·ae··--· 
high levels in both samples 

Potassium, titanium, manganese, iron, 
strontium, lead at low levels in both 
sample 

Aluminum and barium are possibly present 

1. Bet:t:er precision would require a smaller sample size. 

2. Analysis performed at: Indust:rial Testing Labs. 

3. Qualit:ative x-ray fluorescence analysis was run on t:wo insoluble 
materials that remained after the sludge feed samples were acid 
digested. The samples were digest:ed with sulfuric and nitric 
acids. Both insolubles had similar compositions. 

Table File No. : U76051 
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Time Stamp • <851203.1256> 

TABLE 21. Results of Inductively Coupled Argon Plasma-Optical 
Emission Spectroscopy 

ESC Project No: 760 Date: October 7, 1985 

Analysis Performed by Monsanto Physical Sciences Center 

Element 

AG 
AL 
BA 
BE 
CA 
CD 
CR 
cu 
FE 
MG 
MN 
MO 
NA 
NI 
p 
SI 
SN 
DR 
TI 
ZN 
K 

. Sample 
Sludge Run #7 Sludge Run #8&9 

49.4, 42.4 ppm 
0.3%, 0.2% 
1.8, 1.7·ppm 
0.2, 0.2 ppm 
0.7%, 0.5% 
328, 261 ppm 
49.8, 47.3 ppm 
492, 397 ppm 
0.5%, 0.4% 
1.4'1!, 1.4% 
<126, <103 ppm 
9.3, 8 ppm 
<206, <176 ppm 
<104, <95 ppm 
<0.3%, 0.2% 
23, 25 ppm 
30, 26 ppm 
21, 16 ppm 
363, 336 ppm 
432, 390 ppm 
750, 751 ppm 

18, 24 ppm 
0.3%, 0.3% 
3.4, 4.0 ppm 
0.2, 0.2 ppm 
0.5'1!, 0.5% 
631, 607 ppm 
32, 32.7 ppm 
387, 431 ppm 
0.4%, 0.4% 
1.2%, 1.2% 
<94, <100 ppm 
6.9, 7.7 ppm 
138, 155 ppm 
64, 69 ppm 
<0.2%, <0.2% 
19.4, 22.8 ppm 
30.3, 36.6 ppm 
10.0, 9.8 ppm 
219, 285 ppm 
217, 239 ppm 
713, 788 ppm 

Note: All values indicated are semi-quantitative. Large amount of 
precipitate was observed. This was analyzed by qualitative 
x-ray fluorescence, the results are shown in Table 20. 

Table File No.: V76051 
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Time Stamp • <851203.1256>. 

TABLE 22. Analysis of Scintillation Fliud for Organic 
Characterization 

ESC Project No: 760 Date: October 7, 1985 

Two xylene isomers were identified in the widescan GC/MS analysis of the 
scintillation fluid. The xylene isomers were identified by comparison 
with a reference spectra and also a standard made of a mixture of 
otho-, meta-, and para- xylene. The specific xylene isomers found 
in the scintillation fluid were not identified. The concentrations 
were 5.8% and 5.3% for a total xylene concentration calculated to 
be 11.1%. An unidentified compound was present at a concentration of 
l% in the scintillation fluid. 

The analysis method is further described in MSANOl. 
The data file is stored in FRN 10681. 

Table File No. : '1176051 
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Time Stamp • <851212.0927> 

TABLE 25. Results of the Total Organic Halide Analysis (!OX) 
by the Monsanto Physical Sciences Center 

ESC Project No: 760 

Sample 

1-85-021202 
Feed Bin Sludge Feed 
Run 7 

1-85-021202 
Waste Feed Sludge 
Run 8 a 9 

Sample ___ m _______________ 

1-85-021202 
Feed Bin Sludge Feed 
Run 7 

1-85-021202 
Waste Feed Sludge 
Run 8 a 9 

Date: December 12, 1985 

Total Chlorine Total Bromine Flouride Iodide 

0.57%, 0.65% 120, 128 ppm <30 ppm <5 ppm 

0.63%, 0.64% 122, 112 ppm <30 ppm <5 ppm 

Free Chloride Free Bromide 
.............................. .. ........................ 

0.31%, 0.36% 70, 62 ppm 

0.44%, 0.31% 85, 72 ppm 

Note: The oxygen bomb was used for sample decomposition for total halide 
determination. All results were obtained by ion selective electrode. 
The less than (<) figures are based on approximate detection limit 
of the electrode and sample weight used. 

Table File No.: AAA760 
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Time Stamp - <851203.1005> 

TABLE 23. Analysis of Methylene Chloride Residues for PAR 
Compounds 

ESC Project No: 760 Date: October 7, 1985 

The dried residues were received in 250 ml. beakers. The beakers were 
covered with aluminum foil after they were received and stored in this 
condition until the time of analysis. HPLC grade methylene chloride 
was used to rinse the residue from the beaker. The rinse solution was 
collected in a volumetric and brought to a volume of 5 mls. with 
methylene chloride. An aliquot of this solution was mixed with an equal 
volume of dlO-anthracene at 100 ug/ml and analyzed by widescan GC/MS 
technique as described in MSAN09. 

No organic compounds were found in the methylene chloride residue .samples 
at a level of 1 ug/ml or greater. 

Table File No. : X76051 
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The following pages describe Analytical Request Information generated 
for this project. 
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Time Stamp - <851202 .1021>. 

MONSANTO COMPANY/DAYTON LABORATORY 

ENVIRONMENTAL SCIENCES CENTER 

ANALYSIS REQUEST 

DATE:. 2-5-85 LOG NO: 1-85-02-12-02 

REQUESTER: J.A.PETERS/MOUND PROJECT NO: 760 

REPORT RESULTS TO: FILES /MEES, SHERMAN, IVORY, J. A. PETERS 

ANALYSIS REQUESTS SENT TO: FILES, J.LEE, IVORY, SHERMAN, J.A.PETERS 

SAMPLE PICKUP BY: J .H.LEE 

LOCATION: REFRIGERATOR IN LAB 21 

-------·----------------------------------------------------------------------
SAMPLE DESCRIPTION FOR ·-- SAMPLES 

SAMPLE IDENTIFICATION 

VOST RUN# 1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 

TUBE #l-16, 51 
10, 2107 
2121, 55 
1801, 1785 
2123, 2072 
3!_,_2026 

2018, 2143 
5, 2097 
29' 79 
72, 1-24 
56, 2081 
1783, 1778 

. 44, 1757 
1777' 2144 

39, 1-30 
2062, 2-30 
2099, 2163 
1789, 2135 
1753, 1791 
1802, 2100 

SLUDGE FEED (RUN#7) 

SLUDGE FEED (RUN#9) 

SCINTILLATION FLUID 

NUMBER OF BOTTLES 
ESC 

NUHBER(S) 

2 
2 
2 • ANALYZE FOR CMPDS "A" 
2 
2 
2 

2 
2 
2 
2 
2 
2 • ANALyzE FOR CMPDS "B" 

B-174 

2 
2 

2 
2 
2 • ANALYZE FOR CHPDS "C" 
2 
2 
2 

1 
ANALyzE FOR CMPDS "D" 

1 

1 ORGANIC CHARACTERIZATION 



XAD-2 RESIN TUBE (BLANK) 1 E'AH COMI'OUNDS 

XAD-S RESIN TUBE (RUN#S) 1 • .• 
EE' A- 5 FILTERS (Bu.NK) 1 • • 

EE'A-5 FILTERS (RUN#8) 1 • • 

EE'A-5 METHYLENE CHLORIDE RINSE RESIDUE 1 • • 
(RUN#S) 

RECORDED BY: J .M.LEE 

REQUIRED ANALYSES: GC/MS AS LISTED UNDER "COMMENTS" 

ANALYTICAL TECHNIQUES: 

TECHNIQUE (EN) 

X-- GCjMS (51) 

QUALITATIVE: X 

DATE 
COMI'LETED 

SEMIQUANTITATIVE: X 

REQUIRED QA/QC: SEE GOOD LABORATORY PRACTICES MANUAL 

COMI'LETION DATE REQUESTED: 

COMMENTS: 

COMI'OUNDS "A" ARE: ACRYLONITRILE, ACETONITRILE 

QUANTITATIVE: 

COMI'OUNDS "B" ARE: CARBON TETRACHLORIDE, CHLOROBENZENE, PHENOL, AND 

WATEVER IS IN THE SCINTillATION FLUID 

COMI'OUNDS "C" ARE: CARBON TETRACHLORIDE, CHLOROBENZENE, PHENOL, AND 

ACRYLONITRILE 

COMPOUNDS "D" ARE: CARBON TETRACHLORIDE, CHLOROBENZENE, PHENOL, 

ACRYLONITRTILE,_ WATER CONTENT, METALS (ICE'), TOX, 

AND BTU CONTENT 

SAMPLE DISPOSITION: HOLD FOR 30 DAYS 

SAFETY PRECAUTIONS: SEE SAFE LABORATORY PRACTICES MANUAL 

ANALYSIS REQUEST FILE NAME: AA760 
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The following pages describe Standard Extraction Methods and Standard 
Analysis Methods used for this project. 
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ESC Standard Analysis Method (SAM) 
TITLE: Organic Compounds in Solvents 

ESC Standard Analysis Method No: 
HSANOl 

ANALYTICAL INSTRUMENT AND MODE OF OPERATION: HP-5985/5987 Capillary GC(MS-· 
Scanning with RTE-VI operating 

TYPICAL 
ANALYTE 

Typical Run Time: 
Typical Multiplier Voltage: 
Typical Threshold: 
Typical Mass Range: 
Typical Scan Rate: 

TYPICAL 
INSTRUMENT LEVEL 
OF DETECTION (LOD) 

(ug/ml) 

Organic Compounds 
eluting between 
toluene and n-C34-ane 1 

system. 
3 - 40 min. 
1800 - 2400 eV 
100 counts 
10 - 500 8II!U 

2/second 

TYPICAL 
PRECISION 

@ lOX LOD 
(%) 

30 

TYPICAL 
ACCURACY 

@ lOX LOD 
(%) 

30 

INTERFERENCES AND LIMITATIONS: Analyte must either be chromatrographically 
resolved from other organic compounds, or co-eluting, interferring compounds 
must not be present at concentrations greater than 100 X the analyte of 
interest. 

CHROMATOGRAPHIC COI..UMN: 30-meter fused silica J&lJ DB-5 (0. 25 uM) with 
wide bore (0.32 mm) 

COLUMN TEMPERATURE PROGRAM: 50(4)/8/300 INJECTION TYPE: Splitless 

CALIBRATION AND STANDARDIZATION: 
Quantitative: Use internal standard quantitation technique 

and calibrate instrument response factors from authentic analyte of interest.· 

Qualitative: Mass spectra of unknown compounds are 
compared to standard mass spectra in the NBS/EPA Mass Spectral Ubrary 
which contains over 30,000 compounds. Positive identification is made only 
after a trained mass spectroscopist has visually compared the unknown 
compound mass spectrum with those identified as most probable compounds 
based upon their Match Factor. 

CALCULATIONS: Analyte concentration-
[analyte RRF][(analyte area)/(internal standard area)] 

where: Analyte area is the appropriate characteristic ion area. 
RRF is the relative response factor for the appropriate 
characteristic ion of the analyte. 

SAFETY PRECAUTIONS: See PCB handling protocols in laboratory safety manual. 

DATE OF METHOD CREATION: 10/31/83 •. Time Stamp - <851202 .1043> 
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Time Stamp • <851203.1004>. 

ESC Standard Analysis Method (SAM) ESC Standard Analysis Method No: 
TITLE: Analysis of Volatiles on Tenu: Tubes HSAN09 

ANALYTICAL INSTRUMENT AND MODE OF OPERATION: HP 5983 GC/MS Electron Impact 
Ionization, Selected Ion Mode 

TYPICAL 
ANALYTE 

Xylene 

Acrylonitrile 

Acetonitrile 

TYPICAL 
INSTRUMENT LEVEL 
OF DETECTION (LOD) 

(nanograms) 

----------------
10 

10 

10 

TYPICAL TYPICAL 
PRECISION ACCURACY 

@ lOX LOD @ lOX LOD 
(%) (%) 

........................ --------
30 30 

30 30 

30 30 

-----------------------------------------------------------------------------
INTERFERENCES AND LIMITATIONS: Interfering compounds that elute at the same 
retention time as the compound of interest may give strong signal that 
obscures the identification and quantitation of the analyte. · 

An additional problem with this assay -iS tnat the concentration varies so 
greatly from one sample to another that it is difficult to predict the 
appropriate detector gain in advance. A setting ·too high will cause detector 
saturation, however if the gain is set too low may sacrifice the limit of 
detection of the analyte of interest. 

CHROMATOGRAPHIC COLUMN: Six foot x 1/8 inch stainless steel column packed 
with 0.1% SP-1000 on Carbopack B 

COLUMN TEMPERATURE PROGRAM: -40(0)/8/225 
and 

-40(0)/10/225(4) 

INJECTION TYPE: Direct 
Desorption 

CALIBRATION AND STANDARDIZATION; An aliquot of a standard in methanol of the 
analyte of interest is injected onto a blank Tenax tube. In addition, 10 
nanograms of d6·benzene were added to each sample as an internal standard. 
A vacuum is pulled on the tube using a water aspirator. The tube is then 
desorbed by passing the helium carrier gas through the trap while heating 
the trap to 200 degrees centigrade for ten minutes. The GC column is kept at 
-40 C during desorption. 

A positive confirmation of analyte ip the sample tube requires a peak at 
the same retention time as the peak in the analyte standard at the two 
ions (m/e 52,53) characteristic of the acrylonitrile spectrum, and 
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two ions (m/e 
ratios of the 
to the ratios 

39,41) characteristic of the acetonitrile spectrum. 
intensities of the peeks at these ions must also be 
for the enelyte in the standard. 

CALCUI..ATIONS : AREA X CONC 
analyte internal std 

AREA X RESPONSE FACTOR 
internal std enelyte 

The 
similar 

The area of the anelyte is calculated from the Selected Ion Chrali!Stogram 
using a characteristic ion of the analyte. The area of the internal 
standard is calculated in the same li!Snner. The response factor must be 
calculated from the same masses as are used for calculation of the 
analyte concentration. 

SAFETY PRECAUTIONS: General laboratory safety precautions should be observed. 

DATES OF METHOD CREATION AND METHOD UPDATES: June 12, 1985. 
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ESC Standard Analysis Method (SAM) 
TITLE·: Analysis of Volatiles 

Collected on Tenaz Tubes 

ESC Standard Analysis Method No: 
MSANl3 

ANALYTICAL INSTRUMENT AND MODE OF OPERATION: HP 5983 GCfMS Electron Impact 
Ionization, Selected Ion Mode 

~----------------------------------------------------------------------------

TYPICAL TYPICAL TYPICAL TYPICAL 

ANALYTE INSTRUMENT LEVEL PRECISION ACCURACY 
OF DETECTION (LOD) @ lOX LOD @ lOX LOD 

{ug/ml) (%) {%) 
................ ---------------- .. ................... .. ................ 
Acrylonitrile 10 30 30 

Carbon Tetrachloride 10. 30 30 

Chlorobenzene 10 30 30 

Phenol 10 30 30 

Xylenes 10 30 30 

INTERFERENCES AND LIMITATIONS: Interfering compounds that elute at the same 

retention time as the compound of interest may give strong signal that 

obscures the -identif-icat-ion and .quantitation .o£. the analyte. 

-----------------------------------------------------------------------------

CHROMATOGRAPHIC COLUMN: Six foot x 1/8 inch stainless steel column packed 

with 0.1% SP-1000 on Carbopack B 

-----------------------------------------------------------------------------
COLUMN TEMPERATURE PROGRAM: -40(0)/10/225H INJECTION TYPE: Direct 

Desorption 

-----------------------------------------------------------------------------
CALIBRATION AND STANDARDIZATION: An aliquot of a standard in methanol of 

the analyte of interest in injected onto a blank Tenax tube. In addition, 

10 nanograms of.d6-benzene were added to each sample as an internal standard. 

A vacuum is pulled on the tube using a water aspirator. The tube is then 

desorbed by passing the helium carrier gas through the trap while heating 

the trap to 200 degrees centigrade for ten minutes. The GC column is kept 

at -40C during desoption. 

A positive confimation of analyte in the samle tube requires a peak at 

the same retention time as the peak in the analyte standard at the four 

ions (m/e 50, 51, 52, 53) characteristeric of the acrylonitrile spectrum, 

four ions (m/e 82, 117, 119, 121) characteristic of the carbon tetrachloride 

spectrum, two ions (m/e 77, 112) characteristic of the chlorobenzene spectrum, 

two ions (m/e 65, 94) characteristic of the phenol spectrum, and four 

ions (m/e 77, 91, 105, 106) characteristic of the spectrum of the xylenes. 

---------------------------------------------------------------------~-------
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CAl.CUI.ATIONS : AREA X CONC 
analyte :l.nte:rn.al sed 

AREA X RESPONSE FACTOR 
inte:rn.al sed analyte 

The area of the analyte is calculated from the Selected.Ion Chromatogram 
using a characteristic ion of the analyte. The area of the internal 
standard is calculated in the same manner, using the ion of 84 for the area 
of the internal standard. The response factor IIIUSt be calculated 
from the same masses as are used for calculation of the analyte 
concentration. 

SAFETY PRECAUTIONS: General laboratory safety precautions should be observed. 

DATES OF METHOD CREATION AND METHOD UPDATES: October 9, 1985. 
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pc:~;lab 
Pollution Control Science, Inc. 
6015 Manning Road, Miamisburg, Ohio 45342 

(513) 866-5908 TLX 288-348 

Report Date: 7-3-85 

Date Rec'd: 

PCS Sample#: 50"176-47398 

MR. CHARLES DUNCAN 
ESC/CORPORATE R&D STAFF 
80"0" N. LINDBERGH BLVD. 
ST. LOUIS, MO 63167 

_j 

Client P.O.#: 
RG 0"2142X 

lnv#/ Acct#/PN: 
9166 321 

ACCREDITED BY THE AMERICAN INDUSTRIAL 
HYGIENE ASSOCIATION 

DHIO EPA APPROVED LABORATORY 

MEMBER OF THE AMERICAN COUNCIL OF 
INDEPENDENT LABORATORIES 

PCS# SAMPLE ID INITIAL WEIGHT FINAL WEIGHT 

")IN - 50"176 
f;tN - 50"177 
1iN-513178 

513179 
5131813 
513181 
513182 
513183 
513184 
511185 

513645 
513646 
513647 
513648 
513649 
5136513 
513651 
513652 
513653 
513654 

47326 19221311-4 
47327 19221311-5 
47328 19213113-113 
47329 192213113-11 
473313 192213113-12 
47331 19221310-13 
47332 19220"10"-14 

PROCEDURES IN ACCORDANCE WITH 40 CRF Pert 136 
October 16, 1973 138 FR 28758}, end amendments. 

485.3 
488.13 
488.1 
488.1 
489.2 
484.3 
486.8 
492.2 
491.1 
486.3 

495.13 
497.5 
499.4 
493.9 
492.1 
494.2 
489.3 
491.5 
490".4 
492.9 

4113.9 
4213.3 
423.4 
417.8 
413.1 
421.4 
417.2 

mg 1 226.3 mg 
mg 753.5 mg 
mg 1 481.8 mg 
mg 585.2 mg 
mg 638.8 mg 
mg 621.6 mg 
mg 634.6 mg 
mg 545.7 mg 
Ill 'I 
mg 51/.{; mg 

mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 

mg 
mg 
mg 
mg 
mg 
mg 
mg 

The information contained hemin if; the confidential property of our clients. Disclosure of such data. statement or conclusion requires written approval. 
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pq;lab 
MONSANTO COMPANY PAGE 2 

PCS# SAMPLE ID INITIAL WEIGHT FINAL WEIGHT 

47333 206673-18 384.1 mg * 
47334 206673-19 384.2 mg 
47335 206673-20 386.4 mg 
47336 206673-21 420.6 mg 
47337 206673-23 425.9 mg 
47338 206673-24 425.8- mg 425.8 mg* 
47339 206673-25 419.9 mg 419.5 mg* 
47340 206673-26 422.5 mg * 
47341 19221311-6 421.8 mg 
47342 1922011-7 426.1 mg 

"l <M-T -47343 1922011-8 417.3 mg 540.1 mg 
47344 1922011-9 423.0 mg 498.6 mg 
47345 1922011-10 426.2 mg 
47346 1922011-11 425.3 mg 
47347 1922011-12 423.2 mg 

---=;. 4 7348 1922011-13 418.9 mg 488.4 mg 
J-:;~.~,.,'j -47349 1922062-1 424.1 mg 674.8 mg 

47350 1922062-2 413.5 mg 483.6 mg 
47351 1922062-3 424.3 mg 476.6 mg 
47352 1922062-4 416.8 mg 
47353 1922062-13 421.0 mg 
47354 1922062-14 414.3 mg 
47355 1922062-15 431.0 mg 
47356 1922062-16 426.4 mg 
47357 1922062-17 427.3 mg 
47358 1922062-18 416.7 mg 
47359 1922062-19 416.6 mg 
47360 1922062-20 445.0 mg 
47361 1922062-21 418.6 mg 438.13 mg 

s e-.-vt -47362 1922062-22 455.7 mg 554.3 mg 
47363 1922062-23 417.2 mg 
47364 1922062-24 428.1 mg 462.3 mg 
47365 1922062-25 420.5 mg 
47366 1922062-26 419.8 mg 
47367 1920062-27 426.2 mg 
47368 1922062-28 422.2 mg 
47369 1922062-29 422.2 mg 
47370 1922062-30 425.9 mg 
47371 1922062-31 417.1 mg 
47372 1922062-32 423.5 mg 
47373 1922062-33 421.0 mg 

* Small hole in filter 
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· p~;lab 

MONSANTO COMPANY PAGE 3 

PCS# SAMPLE ID INITIAL WEIGHT FINAL WEIGHT 

47374 1922"'62-34 420.2 mg 
47375 1922062-35 419.7 mg 
47376 1922062-36 416.2 mg 
47377 1922062-37 430.8 mg 
47378 1922062-38 423.2 mg 
47379 1922062-39 425.0 mg 
47380 1922062-69 425.1 mg 
47381 1922062-70 420.6 mg 
47382 1922062-71 420.4 mg 
47383 1922062-72. 424.0 mg 
47384 1922062-73 413.6 mg 
47385 1922062-74 418.5 mg 
47386 1922062-75 426.1 mg 
47387 1922062-76 417.6 mg 
47388 1922062-77 430.4 mg 
47389 1922062-78 4:u .• 8 mg 
47390 1922062-79 411.6 mg 
47391 1922062-80 420.3 mg 
47392 1922062-81 496.3 mg 
49393 ·19~~06-2-8~· -423-.5 mg - --~-----

47394 1922062-98 428.7 mg 
47395 1922062-99 428.5 mg 
47396 1922062-100 424.4 mg 
47397 1922062-101 427.3 mg 
47398 1922062-102 420.5 mg 
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pc~;lab 
Pollution Control Science, Inc. 
6015 Manning Road, Miamisburg, Ohio 45342 

L 

(513) 866-5908 TLX 288-348 

MR. CHARLES DUNCAN 
MONSANTO COMPANY 
ESC/CORPORATE R&D STAFF 
800 N. LINDBERGH BLVD. 
ST. LOUIS, MO 63167 _j 

EPA 5 Particulates 
ACETONE/FILTERS 

Acetone Volume 
PCS # SAMPLE I. D. ml 

47361 Run #1 Outlet, 210 
Part-out 1/22 

50185 Run #1 Inlet, 185 
Part-in 1/22 

47364 Run #2 Outlet, 320 
Part-out 1/23 

513183 Run #i Inlet, 2413 
Part-in 1/23 

473513 Run #3 Outlet, 165 
Part-out 1/24 

513182 Run #3 Inlet, 165 
Part-in 1/24 

47348 Run #4 Outlet, 215 
Part-out 1/24 

PROCEDURES IN ACCORDANCE WITH 4() CRF Part 736 

October 16, 1973 138 FR 28758}, and amendments. 

Report Date: 
6-18-85 

Date Rec'd: 
2-1-85 

PCS Sample#: 
See Below 

Client P.O.#: 
RG 02142X 

lnv#/ Acct#/PN: 
9166 321 

ACCREDITED BY THE AMERICAN INDUSTRIAL 
HYGIENE ASSOCIATION 

OHIO EPA APPROVED LABORATORY 

MEMBER OF THE AMERICAN COUNCIL OF 
INDEPENDENT LABORATORIES 

-Total Particulate-
Acetone Filter 

mg mg 

11.0 19.4 

32.2 31.3 

10.2 34.2 

68.6 53.5 

6.9 713.1 

44.2 14 7. 8 

113.2 ~ 
{Qq.5 

The information conmined herein is the confidential property of our clients. Disclosure of such data, statement or conclusion reQuires written approvaL 
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p~/lab 

Monsanto Company 

PCS # SAMPLE I.D. 

50730 Run #4 Inlet, 
Part-in 1/24 

47344 Run #5 Outlet, 
Part-out 1/29 

50180 Run #5 Inlet, 
Part-in 1/29 

47351 Run #6 Outlet'· 
Part-out 1/29 

50179 Run # 6 Inlet, 
Part-in 1/29 

47349./ Run #7 Outlet, 
Part;,.otit 1/30 

50178 ./Run #7 Inlet, 
Part-in 1/30 

47362 /Run #8 Outlet, 
Part-out l/31 

EPA 5 Particulates 
ACETONE/FILTERS 

Total 
ml 

185 

140 

210 

205 

280 

175 

210 

115 

Pgge 2 

-Total 
Acetone 

mg 

67.4 

8.1 

81.4 

8.0 

53.4 

19.7 

351.5 

10.8 

/ lfl/t.er" 
50177 / Run #8 e~tl~, J 

Part-in PAH 
/NI.£1 

50743 Run #8 e~tlet, 

Part~ 1/31 fAn 
170 Ccsr 

1n 

47343 Run #9 Outlet, 
Part-out 2/1 

50176 ,/Run #9 Inlet, 
Part-in 2/1 

50744 Acetone Blank 
Scrubber outlet 

50746 MeCl Blank 

I 
Scru6ber Outlet 

* Methylene Chloride 

sample bottle 
4!.51U11l.. of,' ?> 
~ 17-ff. 

480 482.1 

165 2.3 

133 1.4* 

B-186 

I 
Particulate-

Filter 
mg 

137.3 

75.6 

149.6 

52.3 

97.1 

250.8 

993.4 

98.6 

broke 122.8 

741.0 

I 



p~/lab 

I 
PCS # 

47339 

47338 

Monsanto Company 

SAMPLE I.D. 

Blank Outlet 

EPA 5 Particulate 
ACETONE/FILTERS 

Total 
ml 

Part-out, ICP metals l/3 

Blank Outlet 
Part-out Arsenic, Mercury 

* Methylene Chloride 

B-187 

oage 3 

Acetone 
mg 

Filter 
mg 

l 
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pq;lab 
Pollution Control Science, Inc. 
6015 Manning Road, Miamisburg, Ohio 45342 

(513) 866-5908 TLX 288-348 

MR. CHARLES DUNCAN 
ESC/CORPORATE R&D STAFF 
800 N. LINDBERGH BLVD. 
ST. LOUIS, MO 63167 

Report Date: 6-18-85 

Date Rec'ct: 2-1-85 

PCS Sample#: See Below 

Client P.O.#: RG 02142X 

lnv# I Acct# I PN: 9166 321 

ACCREDITED BY THE AMERICAN INDUSTRIAL 
HYGIENE ASSOCIATION 

OHIO EPA APPROVED LAB ORA TORY 

MEMBER OF THE AMERICAN COUNCIL OF 
INDEPENDENT LABORATORIES 

HYDROCHLORIC ACID SAMPLES 

PCS # SAMPLE I.D. 

50724 Run #1 Inlet 
HCL-In 1/22/85 

50725 Run #1 Outlet 
HCL-Out 1/22/85 

50726 Run #2 Inlet 
HCL-In 1/23 

50727 Run #2 Outlet 
HCL-Out 1/23 

50728 Run #3 Inlet 
HCL-In l/24 

50729 Run #3 Outlet 
HCL-Out 1/24 

50181 Run #4 Inlet 
HCL-In 1/24 

50731 Run #4 Outlet 
HCL-Out 1/24 

PROCEDURES IN ACCORDANCE WITH 40 CRF Part 136 
October 16, 1973 138 FR 28758), and amendments. 

T·otal Total mg 
ml Hydrochloric Acid 

350 
<0. 72 :J 
~ 

800 4.93 

480 1.97 

740 <1.52 

380 . 921.5 

740 <1.52 

360 2 593.5 

790 1.62 

~:A~ <\w 
LABRATORY SUPERVISOR 

The information contained herein is the confidential property of our clients. Disclosure of such data. statement or conclusion requires written approvaL 
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pc~;lab 

Monsanto Company Page 2 

I HYDROCHLORIC ACID SAMPLES I 
Total Total rng 

PCS # SAMPLE I .D. rnl Hydrochloric Acid 

50732 Run #5 Inlet 400 1 196.6 
HCL-In l/29 

50733 Run #5 Outlet 450 <0.93 
HCL-Out 1/29 

50734 Run #6 Inlet 370 783.54 
HCL-In l/29 

513735 Run #6 Outlet 630 <1.30 
HCL-Out l/29 

50736 Run #7 Inlet 690 3 349.4 
HCL-In l/30 

53737 Run #7 Outlet, 340 7.69 
HCL-Out l/30 

z.uct 
I 

50738 Run #8 Ollolsh'e 510 860.34 

I 

HCL-In l/31 
' 

50739 Run #8 Outlet 320 3.29 
HCL-Out 1/31 

50743 Run #9 Inlet 710 4 291.7 
HCL-In 2/1 

50741 Run #9 Outlet 370 15.60 
HCL-Out 2/l 

50745 Blank. 

50747 Blank 
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PC§/ lab 
Pollution Control Science, Inc. 
6015 Manning Road, Miamisburg, Ohio 45342 

(513) 866-5908 TLX 288-348 

MR. CHARLES DUNCAN 
ESC/Corporate R&D Staff 
800 N. Lindbergh Blvd. 
St. Louis, MO 63167 

PCS # SAMPLE I.D. 

_j 

50683 Blank Scrubber Inlet & Outlet, JSM 
-------·-----~· - --- --·---· 

50684 1-A Scrubber Outlet,, JSM 
·; 

50685 1-B Scrubber Outlei, JSM 

50686 1-C Scrubber Outlet, JSM 

50687 1-D Scrubber Outlet, JSM 

50688 2-A Scrubber Outlet, JSM 

50689 2-B Scrubber Outlet, JSM 

50690 2-C scrubber outlet, JSM 

50691 2-D Scrubber Outlet, JSM 

50692 3-A Scrubber Outlet, JSM 

PROCEDURES IN ACCORDANCE WITH 40 CRF Pan 136 
October 16, 1973138 FR 287581, and amendments. 

Report Date: 6-18-85 

Date Rec'd: 2-1-85 

PCS Sample#: See Below 

Client P.O.#: RG 02142X 

lnv#/ Acct#/PN: 
9166 321 

ACCREDITED BY THE AMERICAN INDUSTRIAL . 
HYGIENE ASSOCIATION 

OHIO EPA APPROVED LABORATORY 

MEMBER OF THE AMERICAN COUNCIL OF 
INDEPENDENT LABORATORIES 

Total 
ug N0

2 

5.85 

150.7 

29.96 

38.03 

46.81 

251.6 

187.2 

219.4 

231.1 

130.2 

The infonnation conmined herein is the confidential property of our clients. Disclosure of such data, statement or conclusion requires written approval. 
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PCS # 

50693 

50694 

50695 

Monsanto Company Page 2 

NOX 

Total 
SAMPLE I. D. ug No

2 
3-B Scrubber Outlet, .JSM 115.6 

3-C Scrubber Outlet, .JSM 134.6 

3-D Scrubber Outlet, .JSM 65.83 

Method Federal Register - Method 7- Determination of 
Nitrogen Oxide Emissions From Stationary Source 
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INDUSTRIAL 
TESTING 

LABORATORIES 

Chemists 

Engineers 

inc. Meta II u rg i sts 

2350 Seventh Blvd. • St. Louis, Missouri 63104 314/n1-7111 

Report No. 85-6-306 October 4, 1985 

Examination of thirty-five (35) particulate samples submitted marked 
"Job-M:>und". 

M:>nsanto Conpany P.O.: RCX 52 
SJO North Lindbergh Blvd. Chg. No. 07-000-760.16-132-760 
St. I.Duis, 1\D. 63167 Attn: Mr. James A. Peters 

TEST REroRT 

A. FILTERS: 
fit ten'" 

jj.,..,l;, ~I ,..,J;., 
fiiA-vr" f.< h-r"' 'j·c<. ,--~r,.,;..··r 4-~~..yl '1 ·,IIi 
47338 47339 47343 47344 47348 47350 

Arsenic, JUg *5 *5 *5 *5 *5 6.0 

Selenium, ,.ug *5 *5 *5 *5 *5 *5 

Tellurium, JUg *5 *5 *5 *5 *5 *5 

lead, ,ug *5 *5 464 900 850 l, 790 

Cadmiun,,.ug *5 *5 27,000 910 1,120 81,000 

Nickel, ,.ug *5 *5 10 15 17 42 

Manganese, JUg *5 *5 ll 5.0 6.1 16 

Cbranium, JUg *5 *5 51 97 162 45 

Copper, ;ug *5 *5 1,050 190 200 1,840 

*less than. 
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:,_'(,l" __ 

INDUSTRIAL 
TESTING 

··\LABORATORIES 
inc. 

Report No. 85-6-306 Page 2 

A FILTERS: (con 't.) 
;~t;.A;" & ~c-..t..:l .... i -:;·.vf' '-·': .. A .. ~ ;) ·; ,._; 7- IN 
47350 47351 47361 -47362 50177 50178 

Arsenic, ).lg *5 *5 *5 *5 105 140 

Selenium, ,ug *5 *5 *5 *5 *5 *5 

Tellurium, ,ug *5 *5 *5 *5 *5 ll 

Lead, ).lg 1,050 563 107 500 1,390 7,940 

Cadmium, ;ug 1,460 470 11 35,000 89,000 200,000 

Nickel, ,ug 25 ll 20 6.6 17 83 

Manganese , ,ug 7.2 *5 5.0 *5 10 41 

Chrcmi urn, /llg 230 28 170 76 130 130 

Copper, ;ug 250 120 28 790 1,920 7,030 

(;;·IN S·1N .4. • Ill/ 3 -j ;\j 1-,N 
50179 50180 50181 50182 50182 50185 -- --

Arsenic , ,ug *5 *5 *5 *5 57 *5 

Selenium, 1ug *5 *5 *5 *5 *5 *5 

Tellurium, ;ug *5 *5 *5 *5 *5 *5 

Lead, ;ug 470 1,010 1,200 1,870 360 170 

Cadmium, ;ug 470 980 1,520 6,130 63 300 

Nickel, 1ug 14 104 18 14 21 *5 

Manganese, ;ug *5 17 *5 *5 6.7 *5 

Chrani urn, lUg 72 230 210 350 1,600 300 

Copper,;ug 250 430 460 530 75 34 

*less than. 
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--- :.=-- INDUSTRIAL 
TESTING 

.- .':-LABORATORIES 
inc. 

Report No. 85-6-306 Page 3 

B. BEAKERS: .. ') •":':"',.. -;, -';4 ,- .1-~....c,.;- -7. ·.vj .:4.1 ~;,.~~ . --;~, i -~ ...... ; .. 

47344 47348 47349 47250 47351 47361 
- ... =r•- ...... -

Arsenic, ..ug *5 *5 *5 *5 *5 *5 

Selenium, ;ug *5 *5 *5 *5 *5 *5 

Tellurium, ;ug *10 *10 *10 *10 *10 *10 

Lead, .Ill€> 18 ll 110 10 19 8 

Cadmium, ,lUg 32 18 4,100 18 28 17 

Nickel, ..ug 54 22 31 38 48 70 

Manganese, ;ug *5 *5 *5 6 *5 6 

Chranium, ;ug 51 20 21 56 36 130 

Copper ' ;ug 7 *5 90 5 6 5 

-t~CU.1- L=C.:C-;-" - :.r~~,, 
' ' 

1 :.11'1 ,£:: • it\; ::>-tt\' 

47362 47364 50176 50178 50179 50180 

Arsenic , ;ug *5 *5 36 22 *10 *10 

Selenium, ;ug *5 *5 *20 *20 *20 *20 

Tellurium, ;ug *10 *10 *10 *10 *10 *10 

Lead, /l.lg 26 14 85 139 15 24 

Cadmium, lUg 1,200 19 52,000 59,000 590 740 

Nickel, lUg 39 77 66,000 11,000 120 180 

Manganese, lUg *5. *5 300 70 33 24 

Chranium, ;ug 21 51 2,900 2,300 520 660 

Copper, lUg 28 *5 ~-· 2-400 2.300 170 210 

*less tban. 
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·- INDVSTRIAL 
TESTING 

-LABORATORIES 
inc. 

Report No. 85-6-306 Page 4 

R.. BEAKERS: (can't.) 

'" 
,. .2. mj /\! ' ... f t] . ' ' . 

50182 50183 50185 50730 50744 -- -- --
Arsenic, pg *10 16 *10 *5 *5 

Selenium, ;ug *20 *20 *20 '*5 *5 

Tellurium, ;ug *10 *10 *10 *10 *10 

Lead, )Ug 20 16 26 24 *5 

Cadmium, ;ug 760 800 580 1,300 *5 

Nickel, .rug 85 310 170 130 *5 

Manganese, ;ug 13 40 22 35 *5 

Cbranium, ;ug 460 1,600 610 660 *5 

Copper,;ug 140 65 23 170 *5 

*less than. 

Containers for filter pads identified as "47364" and "50176" were broken 
upon receipt. 

Lab No. 60738 
WL/hj 

B-195 

Respectfully suhni tted, 

INDUSI'RIAL TESI'ING LAIDBA'IORlES, INC. 

I! '~ 
' • • •1 / 

·~ '. ~ __ (_ i 
_.... __,.·-(_,. L-•,-

/ I 

Allan M. Siegel, P.E., 
Director 
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CIS 

NUCLEAR OPERATIONS ~NALYTICAL REQUEST FOR ANALYSIS 

Requested by LtUZR...'i k.L.I~GLE.e_ Mail Station I f5L/:::.6 '7'7 I 
Pro~uct Code ore -ssc;qq 
ProJect No. _ a.c. No.-------

Requested 
Completion Date 

Type of Sample 
(or Service) 

Phone 

.~{;-:-..._,~~·t:_· /ht'1~· ~)"'-- 7C' .~..:_ _._,._ :_. ·"/ --~-- -- "1 :·,. _,.:,.:_ ;. ,:· _._' __ ,,._ _, 

:::~~~~·s--~G~S~-~;~e~-~:--~G~s~-~;~~~:----~G~~---~~~~~,~7--~.~--~---~-~~---------------
sample Disposition ~Discard 0 Return 

If request is for product/material quality -control, enter the specification drawing number. If not, enter none: 

Analysis Desired, Comments CornPt..£-;~ 1/JQR_Ci>fT;JJC. 
1 Qi.<..f!t.JTTTft-7/v£. B,.JirL'fSJ.S 

jZ.ESL<..L.I~ trJ LVT: 7o (.~P£CJI'J-L. ;.AJT£R.G.s'T t,J C.-9-60), "-m) 

,...- ---..... 
,;' -=t-&o -?-t.:.P ij Anal. Sample I ' 

-:;.&s- ':H?(, • -:rr. 2-- .\'. I +-G, 8' •• i J' • . 
Results: G-S-1~ II ~><; 

G5-t f7> -/ . ;:s -"2.-A-~~ ··~· .. < .. .B oJ .: 
s,o.., (p=1-."3. _g,1J r.=;-. I /.1. ~</.f. o.J ,</,R 3-"7 

.... .. 

M o ... J.R3 11•30 / .. CD · •·Ill ?...S_'f_ -"·· /'? ;!. "'?- /. 3 

('_,_ 0 . I '2-- '1.... 11·'9 /'1..0 lS 13..& o. 2.. J3-9 '2...(. ... -
M 0 ·3· "(I 1141. J. '/" ., ... ~ 3 -.'i" o. "Z.Z. L/.1'1- 11•0" 

(/ 

.,J,_ 0. l'l. ~ 11·1 1'1-.l1' IJ ·I n.o 0. z. frM3 O·T 
--;;. 1.:-k NY L aot NIJ L o.ot l!/}) Lo. o t J/j) Lo. OJ 

-f"n.O-<..< - - --· --
IK- AID LO.ol 1\/J) LO.\ll A/I} Lo..or j.)l) .to. or 
Co /liP LD•II I wll u.~, lol)> Lo.OI PliO 1-o. 011 

J.L wo /_l)..iJ) N"b Ln.OL vo Ln .ot ri.J> L-0.~1 

~ h NO Lo.o r til L~. ~I ~b Lao 1 NJ £-I• 0 I 

V.o o-Z'i (J ... '( 0·3"?> . 0•"' n·2.0 n.o] 0 .J'i o.o3 

Z:.n 0'1. 0·'-11 d .(J 2. "'L~ .... ~ n.n O.o~ 0 .'{::,. 0 •17 

Fe.,_O, 'Z,.O ll 0 .o '!. 2-.01. o.o; 3-'f/ o. o':f "3.<./_'f o.z.~ ..,...,. c. .. • 02.. . .,.,_ 03. ,o3 -:... c. .... L .II J "-·"I "' ol -r; '0.5' .OS: 
·" -J ·"' TRIBUTIOfi: . -:;z. o'l. . ll I o1. .n>. . 

WHITE COPY -REQUESTOR 
YELLOW COPY -DATA PROCESSING -coR. L.EADE Received by PINK COPY .. ANALYTICAL LOG BOOK 
GOLDENROD COPY .. REQUESTOR'S RECEIPT 

MRC.ML-1S27 (7-82) 
17-131i14 

Analyzed by _____ ..... {J=-.:;i7t,.;._;;;,.· ______ J.9./.h..L..I../.28.:S~---
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L 

s!lab . e~ 

Pollution Control Science, Inc. 
6015 Manning Road, Miamisburg, Ohio 45342 

(513) 866-5908 TLX 288-348 

MR. CHARLES DUNCAN 
ESC/Corporate R&D Staff 
Monsanto Company 
800 N. Lindbergh Blvd. 
St. Louis, MO 63167 

PCS # SAMPLE I.D. 

50696 1-ss Scrubber H 0 
Start Scrubber ~op 
1/22 

50697 1-SF Scrubber H
2
o 

Finish Scrubber Top 
1/22 

50698 2-SF Scrubber H2
o 

Scrubber Top 
1/23 

50699 Run 3(day 3) and 4 
Scrubber H

6
o Finish 

Scrubber T p 1/24 

50700 6-SF Scrubber H
2
o 

Finish Scrubber Top 
1/29 

PROCEDURES IN ACCORDANCE WITH 40 CRF Part 136 

October 16, 1973 138 FR 287581, and amendments. 

METALS 

Total* 
ml 

885 

905 

785 

629 

855 

Report Date: 
6-18-85 

Date Rec'd: 
2-1-85 

PCS Sample#: 
See Below 

Client P.O.#: 
RG 02142X 

lnv#/ Acct#/PN: 
9166 321 

ACCREDITED BY THE AMERICAN INDUSTRIAL 
HYGIENE ASSOCIATION 

OHIO EPA APPROVED LAB ORA TORY 

MEMBER OF THE AMERICAN COUNCIL OF 
INDEPENDENT LABORATORIES 

Total Total 
Arsenic Mercury 

mg mg 

<IL 004 0.025 

13.029 <0.002 

0.1310 <0.002 

0.029 <0 .liHJ2 

0.037 <1:1.002 

Tha information conmined herein is the confidential property of our cliants. Disclosure of such data, statement or conclusion requires written approval. 
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p~;lab 

I 
Monsanto Cornpapy PAQA 2 

I 
METALS 

Total Total 
Total* Arsenic Mercury 

PCS # SAMPLE I.D. ml mg mg 

51J71H 7-SF Scrubber H2o 583 IJ.0(J4 (J.015 
Finish Scrubber Top 
l/30 

50702 9-SF Scrubber H2o 573 (J.(Jl(J <IJ.(J(Jl 
Finish Scrubber Top 
l/31 

*Total Volume of Sample (Includes PCS Volume Plus Volume Sent to 
Industrial Testing Lab.) 
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INDUSTRIAL 
TESTING 

LABORATORIES 
in c. 

2350 Seventh Blvd. • St. Louis, Missouri 6310<1 

Chemist·s 

Engineers 

Metallurgists 

314/771-7111 

Report No. 85-2-142 March 6, 1985 

Examination of seven (7) samples sul:l:nitted 2/11/85. 

Monsanto Company P.O.: RCX 52 
800 North Lindbergh Blvd. Chg. No. 
St. Louis, W. 63166 Attn: Mr. James A. Peters 

TEST REPORT 

1-5~ I· SF z·--:;; t" ~;.f-$;: ., 
50696 50697 50698 50699 -- -- --

ICP ANALYSIS: 

Arsenic, mg. *0.05 *0.05 *0.05 0.10 

Selenium, mg. *0.05 *0.05 *0.05 *0.05 

Molybdenum, mg. 0.36 0.57 0.40 0.32 

Ant:im:my, mg. *0.2 *0.2 *0.2 *0.2 

Zinc, mg. 0.24 *0.05 0.25 0.22 

Lead, mg. 0.09 0.11 *0.05 *0.05 

Cadmium, mg. *0.05 *0.05 *0.05 *0.05 

Cobalt, mg. *0.05 *0.05 *0.05 *0.05 

Nickel, mg. *0.05 *0.05 *0.05 *0.05 

Tin, mg. *0.05 *0.05 *0.05 *0.05 

Boron, mg. 1.1 0.12 0.90 0.75 

Manganese, mg. *0.05 *0.05 *0.05 *0.05 

Iron, mg. 0.49 *0.05 0.06 0.07 

Chranium, mg. *0.05 *0.05 0.12 0.08 

Vanadium, mg. *0.05 *0.05 *0.05 *0.05 

Aluminum, mg. 1.0 0.12 0.97 0.65 

*less than. 
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.,"- INDUSTRIAL 
TESTING 

--LABORATORIES 
inc. 

Report No. 85-2-142 

ICP ANALYSIS: (con 't.) 

Eery lli um, rrg. 

Copper, mg. 

Titanium, mg. 

Strontium, mg. 

Barium, mg. 

Sample Volume Received, ml. 

50696 

*0.05 

0.06 

*0.05 

0.08 

0.15 

385 

50697 50698 

*0.05 *0.05 

0.10 0.06 

*0.05 *0.05 

0.08 0.07 

*0 05 0.05 

405 285 

Analysis reporteci in Tot:,.l MtlligrwiJS per §"llJlle ygJ.ume_:received. 

*less than. 
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Page 2 

50699 

*0.05 

0.09 

*0.05 

*0.05 

*0.05 

234 



--,..--- INDL:STRIAL 
TESTING 

_ . ."·' -LABORATORIES 
inc. 

Report No. 85-2-142 PSF -J_ - :..:.., .. ..:_;: Page 3 .-..., ,_ 
.; • ~-

, v. 

50700 50701 50702 

ICP ANALYSIS: 

Arsenic, mg. 0.07 *0.05 *0.05 
Selenium, mg. *0.05 *0.05 *0.05 
Molybdenum, mg. 0.94 0.39 0.43 
AntinDny, mg. *0.2 *0.2 *0.2 
Zinc, mg. 0.66 0.25 0.29 
Lead, mg. 0.06 *0.05 0.06 
Cadmium, mg. *0.05 0.21 0.16 
Cobalt, mg. *0.05 *0.05 *0.05 
Nickel, mg. *0.05 *0.05 *0.05 
Tin, mg. *0.05 *0.05 *0.05 
Boron, mg. 1.4 0.71 1.0 
Manganese, mg. *0.05 *0.05 *0.05 
Iron, mg. 0.11 0.07 0.12 
Chromium, mg. 0.14 *0.05 *0.05 
Vanadium, mg. *0.05 *0.05 *0.05 
Aluminum, mg. 1.5 0.75 1.00 
Beryllium, mg. *0.05 *0.05 *0.05 
Copper, mg. 0.34 0.18 0.31 
Titanium, mg. *0.05 *0.05 *0.05 
Strontium, mg. 0.11 0.07 0.09 
Barium, mg. 0.15 *0.05 *0.05 

Sample Volume Received, ml. 410 238 268 
Analysis reported in Total Milligrams per sample volume received. 

*less than. 

cc: Pollution Control Science 

Lab No. 57331-37 
LB10852 
WL/hj 
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Respectfully submitted, 

INDUSTRIAL TESTING LABJRATORIES, INC. 
7 

.. ,:,. );'' ' . • . /,' ~ /v ; , ............... _. '""".< ....__,..___,.._. 
.J .... -.._... ~-- ( 

Allan M. Siegel, P.E. 
Director 
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Pollution Control Science, Inc. 
6015 Manning Road, Miamisburg, Ohio 45342 

(513) 866-5908 TLX 288-348 

9-30-84 Report Date: 

Date Rec'd: 8- 20 - 84 

EASTERN UTILITIES SPECIALIST/MONSANTO M;JND 
ATTN: MR. BILL HUFFMAN/MRC 

PCS Sample#: 44762-44764 

253.001 
Client P.O.#: 

lnv# I Acct# I PN: 321 

_j 

ACCREDITED BY THE AMERICAN INDUSTRIAL 
HYGIENE ASSOCiATION 

OHIO EPA APPROVED LABORATORY 

MEMBER OF THE AMERICAN COUNCIL OF 
INDEPENDENT LAB ORA TORIES 

~44762 (Sludge 11, Drying Bed) 

Total Solids 
Total Volatile Solids 

Cadmium 
Chromium 
Copper--
Lead 
Nickel 
Silver 
Zinc 
Antimony 
Beryllium 
Arsenic 
Selenium 
Mercury_ 

PROCEDURES IN ACCORDANCE WITH 4D CRF Part 736 
Ocrober 16, 1973138 FR 28758}, snd amendments. 

B-202 

18.08% by weight 
31.52% of the 
Total Solids 
12.7 ug/g dry wt. 

121 ug/g dry wt. 
.. 1 ...618 ug/g .dry wt. 

15.0 ug/g dry wt. 
146 ug/g dry wt. 
12.5 ug/g dry wt. 

1 298 ug/g dry wt. 
<32 ug/g dry wt. 

<3.0 ug/g dry wt. 
2.6 ug/g dry wt. 

<0.6 ug/g dry wt. 
5.1 ug/g dry wt. 



EASTERN UTILITIES SPECIALISTS/MONS&~TO MOUND PAGE 2 

~44763 (Sludge f2, Drying Bed) 

Total Solids , 
Total Volatile Solids 

Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Antimony 
Beryllium 

. Arsenic 
Selenium 
Mercury 

B-203 

27.56% by weight 
31.14% of the 
Total Solids 
18.4 ug/g dry wt. 

116 ug/g dry wt. 
1 768 ug/g dry wt. 

185 ug/g dry wt. 
206 ug/g dry wt. 
349 ug/g dry wt. 

2 151 ug/g dry wt. 
<31 ug/g dry wt. 

<3.0 ug/g dry wt. 
0.8 ug/g dry wt • 

<0.6 ug/g dry wt. 
6.0 ug/g dry wt. 



EASTERN UTILITIES SPECIALISTS/MONSANTO MOUND PAGE 3 

f44764 (Sludge f3, Drying Bed) 

Total Solids 12.63% by weight 
Total Volatile Solids 56.9% of the 

Total Solids 
Cadmium 18.2 ug/g dry wt. 
Chromium 262 ug/g dry wt. 
Copper 3 438 ug/g dry wt. 
Lead 394 ug/g dry wt.· 
Nickel 309 ug/g dry wt. 
Silver 286 ug/g dry wt. 
Zinc 3 204 ug/g dry wt. 
Antimony <56 ug/g dry wt. 
Beryllium <5.0 ug/g dry wt. 
Arsenic <1. 0 ug/g dry wt. 
Selenium <1. 0 ug/g dry wt. 
!·lercury 22.2 ug/g dry wt. 

ALL ANALYSES WERE PERFORMED IN ACCORDANCE WITH THE STANDARD 
METHOD-15TH EDITION AS FOLLOWS: 

Tot<~.l DissolY~d SoU_d~;-:--Gr<:!vim~_trig 2QJl~-
Total Dissolved Volatile--Gravimetric 209E 
Cadmium--Digestion, flame AA, 302D 
Chromium--Digestion, flame AA, 302D 
Copper--Digestion, flame AA, 302D 
Lead--Digestion, flame AA, 302D 
Nickel--Digestion, flame AA, 302D 
Silver--Digestion, flame AA, 302D 
Zinc--Digestion, flame AA, 302D 
Antimony--Digestion, flame AA, 302 D 
Beryllium--Digestion, flame AA, 3020 
Arsenic--Hydride, AA, 404A 
Selenium--Hydride, AA, 303E 
Mercury--Cold Vapor, AA, 303F 
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APPENDIX C 

FURNACE OPERATING DATA PRINTOUTS 
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1 5 HRC-HDUHD IEI'HDF"EIIIAL 11ASIE F~OCESSIIIG SYSTEMS GLASS FURII~CE AltO ('iLLOtiE IIKIIIERATUR 
OO!oi 01 02 Ql 04 05 06 07' oa 01 10 II 12 IJ 14 IS· 16 

IO•l ·-GLASS FURIIRC£ IOYER---1-----•-------~-----------------GAS PARAI1EIERS----------·----------------------------------------------I 
200 U AB KU BC ·;~ CD t119~ 11 CH~R 12 AftD T BAR P AIR OPH O';}II OFGS 12 OLUG 01 HSI 01 EXH DT OLUG P VHIR OP AIR AIIB 
lOO 
400 1-----------GAS PARArnERs r.oml___·----~--------.J."1-IY.'-~c~~6,, ~RRAHETERS------------------------------------1' 

•• 1J)O Dl CDHBUS' CD'·. COl , HOX HE IHI 'fiE 01 RAD IHI RAt• 01 CSIC PH SCRB II DluRIH VIII RIH 
600 -----------------------.· ·-------· ·------::..-----------------------------------------------------------------------------------------

' 
11:1~22 25. 7K 24.9K U.JK 2367 F 2369 F 87. 7F o.oo 4.9M 92l F 913 F 55.JF 119.4F 5l. 9F 0.1 -0.4 6l,8K 

500 ' -6.2P -I.JP -1.2P 0.24P 45.1F 44. 7F 75. 9F 71.JF 1.0 55.1F 58.7F 5l.7F 

15:17:11 25.4K 24.U 2l.IK 2321 F 23!0 f 90.0F o.oo 4.5M 92lf 92lf 60.2F 164.8F 51.2F 0,1 
. 

-0.4 67.3M 

5001 -6.3P -I.JP o.sP O.OBP 45.7F H.OF 49,1F 44.1F 1.0 64.7F 64.5F 51, IF 

a7:oJ:54 25.8K 2UK 23.4K 2319 F 2325 F 89.8F 0.00 4.4H mr mr U.lF 173.9F 52.2F 0.1 -0.4 6J.m 

500 -G.JP -I.JP O.SP 0.20P ,I 46.5F 35.9F 4pF U.OF 1.0 65. 2F 65.0F 52.9F 

oa:4l:2l 26. li( 26.3K 23.6K 2!73 r 2!32 r B9.4F o.oo 4.4R mr mr 56.JF 173.6F 49. 7F 0.1 -0.4 6UK 

500 -G.lP -I.JP -O.JP 0.40P 47.5F 42.2F 5l.JF 49.lF 1.0 60, 2F 59.8F 51.1F 

tJj .. 
' 14:01:11 25.0K 2UK ll.9K 2379 F 2402 f 88,7F 29.30 4.sn mr 923 f 51.1F m.JF 47.7f 0.1 -0.5 64.BH 

"' 500 ""'-' jr,.~ -I.JP -0.4P O.JOP 47,0F J8.4F 72.1F U.2F 1.0 46.9F 47. 2F 46,UF 
0 ejJI:Jj~ lq :os--..) 1~:lfoo 2$.3K 25.6K 24.0K 1789 F 1809 f 50.0f 29.30 I.Jn 1314 F 1249 F 120.0F 117, 2F 109.4F 9.4 33.6 ~4.8" 

500 O.OP o.oP 6.7P 1.04P 49.6F 43.8F 74.7F 70.0F 1.0 50.0F m.7F 95.4F 

14:11:oo 25.5K 2$.8K 24.1K 1752 F 1792 ~ SO.OF 29,30 · 1.·1n IJ04 F 12s1 r m.er 114.9F 12D.2F 9.5 33.0 66,1N 

500 O.OP O.OP 5.6P o.84P 48. 7F 44. 3F 74. sr 70.5F 1.0 SO.JF 127. 7F 99.9F 

H:2r:oo 25-'K 2~.,K 24.1K em r 1759 F 50.4F 29.30 o.9n 1319 F 1267 F m.JF IIJ.IF 127.7F 11.4 32.1 66.6H 

500 O.OP O.OP 5.1P 0.90P 48,7F 44. 7F 75. 2F 70.lf 1.0 50.7F 129, 9F I00.6F 

1~:2J:oo 25.4K 26.0K 24.2K 2!50 F 1867 F 50.7F 29. JO O.i" 1419 F 1351 F 132.9F IIS.JF m.or 10.5 33.4 67.4A 

500 O.OP O.OP I. 7P 3.801' 48.8F 45.1F 75.JF 70.8F I. 0 51. 4F m.4F 108.2F 

1~:2s:oo 25.1K 26.1K 24.JK nu r 1872 F 51.1F 29.30 0.6fl 143l F I 36~ F m.sr 117. 9F 140.5F 10.1 33.0 
61. '" 

500 o,op O.OP O.IP 3.96P 4MF 45.5F 75-0F 70.6F 1.0 52.6F I~O.JF 112.JF 

H: 21:00 24.,K 16.2K H.4K zm r 1858 F 51.9F H.lO 0.5H 1437 F lli6 F m.JF lit. IF 145.5F 10.1 lU 68.M 

500 O.OP O.OP 0.2P MJOP . 3Q,IF J9.5F 75.~F 71. 2F 1.0 43.1F 141.6F 110. JF 

A~~n:oo 23:6J 2fi: 6~ 23:~~ 2J~il~ 1866 F 52. 2F 2J~~gF 4u~ lp9 ~ lj~O f m.JF 109.2F 149.1F '·' 3!.0 "·'" 5.0 tO. 8 1.0 J9.1F 41.1f 102.4F 

I 1; ll :uo lUK 26.lK lMK ll51 F 1974 F 52.1F 29.30 Q.Sn 14J9 F 1379 f m.7F 108.8F 152.0F II. I 33.3 69. 5" 

500 O.OP O.IP 0.2P J, 81JF 42. 7F 44.1F 15.5F 10. ~r I. 0 41.1F 14i.IF IOJ.JF 



2 5 nRt-nDUIID OEVELDPnEHIAl UASIE rF.DCESSIIIG SYSIEHSf GLASS Fli~IIACE Alii• CI'CLDIIE IIIC IIIERAIDR 
0022 01 02 OJ 04 05 06 07 08 01 10 II 12 ll 14 15 16 100 --GLASS FURIIACE PDUER---1----------------------------c·-GAS PA~ANEIERS-------------------------------c-------------------·-----1 200 kU AB kU DC KU CO CNBR II CNBR 12 RNB I BAR r: AIR D~.n DFGS II DFGS 12 DlUG 01 NSI 01 EXH 01 DLU6 P VHIR OP AIR AIIB 
lOO 
400 t·····-····-6AS PARAMETERS COHI···-----1······-------·-···LIUUIO PARAHETERS·-----·--------------------------·-·1 
,00 02 CDnBUS CD COl HDX HE lllJ HE 01 . RAO INI RAO Dl ~SIC PH SCRB II DLG RIH UHI RIH 
600 -----------------------------------------------------~"--------'------------------ ·----------------------------------------------

26.]~ 24.7K m& r ' o. 4n 144o r ll90 F tl4.JF 109.4F 154.6F 10.0 33.5 14:JJ:oo 24.6K 1855 F 52.5f 29.l0 69.Dn 500 O.OP O.IP 0.2P J.DOP 46.0F 49.6F 75.5F 71.0F 1.0 45.JF 141.4F I04.2F 
H:3s:oo 24.5K 26.3K 2MK U76 F 1884 F 52.9F 29.JO o.4n' 14l6 r ll11 F ll5.1F III.IF 156. 9F 10.3 ll.J 7u.on 500 O.OP 0,2P 0.2P 3.92P 50.7F 52.4F 75.5F 70,9F 1.0 49.1F 142.5F I06.2F 
14:31:00 24. 5K 26,4K 24.9K 2311 F 1879 F 53,2F 29.30 0.3n 1442 f 1378 F rl6.2F 112.8F 158.9F 9.3 33.2 7o.on 500 O.OP 0.2P O.JP J.82P 54.6F 56.JF 76.1F 71,3F 1.0 52,9F 142.6F IOB.OF 

54.0F 29,3t 
I 14:39:00 24.4K 26.4K 25.1K 2!80 F 1866 F 0.3n 14l9 F ll78 f. :J6.8F 114.5F 160. 9F 10.0 33.1 7o.on 500 O.OP 0.2P O.JP J.D2P 58. F 60.2f 75. 7F 71,6F 1.0 56.4F 14J.2F I09,7F 

tJj H:4J:oo .'· 24.4K 26.5K 25.3~ 2l56 F 1861'F 54.4F 29, Jq 0.3n 1439 F 1376 F •37.4F 115.6F 162.6F 9.3 32.5 "·'" I 

"' 500 O.OP 0.2P O.JP l.74P 62.1F 63.8F 76,1f 71." 1.0 60.2F I43.2F 111,6F 
•·'·' 0 

0.2n 14l5 F 1374 F !37.8f II6.6F 164.4F 
.. 

00 14:u:oo 24.3K 26,5K 25.3~ 2394 r 1110 r 55.1F 29,30 10.0 32.8 n.4n 500 O.OP 0,2P o.3P J.74P 65.~F 67.3F 75.7F 71.7f 1.0 63.8F 143.5F 113.JF 
14:45:00 24. 3K 26.6K 25.31 2356 F 1141 F 55.2F 29.3~ 0.2n 14ll F 1373 F ll8.6F 118.0F 166. OF 9.2 32.2 6&.on 500 O.OP 0.2P O.JP J,76P 69.1F 70.7F 76.2F 71.6F 1.0 67.1F 144.5F 115.0F 

u:47:oo 24.3K 26.U 25.4K 2407 r 1860 F 54.9f 29.30 0.3n 1435 F 1374 F 140.2F 119.4f 167.5F 8.3 32.2 6&.1n 
500 O.OP 0.2P 0.4P 3.781' 71.9F 7l.4f 75.5F 71. 2F 1.0 70.3F 144.9F 116.7F 
~60n:oo 2&:~F 26:~F 2~:lJ 2t!&~ 1862 F 5S.IF 2?.~9r 

I 
79:JP 1 fl~1f 1 JI~of l41:6r 1 ~l:Qf 1'!:1f 11l:~r 32.2 67.Jn 

H:s1:oo 24.3K · 26.7K 25.4K 2445 f 1849 F 55,4F 29.30 o.3n 1432 r 1373 r 144.7F 122.or 110.3r 8.3 31.8 66. rn 500 O.OP 0.2P 0.4P 3.881' 76.1iF 78.5f 75.6f 71.8F I. 0 75.2F 145.7F 119,6F 
u:sJ!oo 24.2K 26.7K 25.5K 2397 f 1868 f 55.if 29,3~ ~.2n 1435 r 1373 F 144.0F 123.3F 171.6F 7.9 31.8 66.4" 
500 '• O.OP 0.2P 0.3P J.86P 7,,2F 81.1f 75.7F 71. SF 1.0 77.7f 145.7F 12I.OF 

14:ss:oo 24.2K 26.7K 25.5K 2409 F 1852 F 55.3F 29.3G 0.2n 1434 F ll71 F l46.0f 124.3F 172,0F 8.2 31.4 65.1n 500 O.OP 0.2P 0,2P 3.8aP 81,5F 8).4f 76.1F 71. 2F 1.0 8D.OF 146.3F 121.9F 
H:s7:oo 24. 5K 26. 7K n. u 2409 r 1861 F 54,7F 29.30 o. 2"' IHo r 1374 F 179,, 125. SF 174. OF 8.4 31.2 ~4.8" 
~no O.OP 0.2P 0.2P l.BBP 8l.OF 85.6F . 75.1f 71.lf 1.0 82.lf 146.4F 123.1F 

lllz5 · ~BCalgY"Pwtofiio~IJI'inr~~ft~~u~it£"~-o~~ssAMI-tv~~~~pl._i~~~,;~~R~~~~ij~~~~~~gly~roll\l8~tR!''or--!x~~or--ot&~-,--u"t•·o, ftl''~~~ ~ma -:mu::~n - 1E8 i Y ::mn~==i4~t;::nm~::R I . - • E liWFtmo'A:mmf:m;.,A:m,nM--u.e----n·•"-



2 5 ARC·IIOUIIO DEVHDPiiEHIAL URSIE HOCESSIIIG SVSIEHS GLASS fli~IIAC£ AIIO mLm;E IIICifiE~MOR 

0022 01 02 Ol 04 05 06 07 09 01 10 II 12 IJ 14 15 16 

100 --GLASS FURIIAC£ PDUER--·t······---------------"··-------GRS PRRAIIEIERS---------------------------------------------------------r 
200 KV AD KU BC KU CD CMBR II t"~R 12 A"D T BAR P AIR D~H DFGS II DFGS 12 HUG 01 HSI 01 EXH OT DlUG P UHIR DP AIR Rtl9 
JOO 
400 (-----------GAS PARANEIERS COl IT -------r--------------··· -L IOU I D PARAIIE IEP S ------------------------------------1 .. 
500. 02 CD"BUS CD C02 HOK HE IHI HE 01 ~AD !HI ~AD 01 CSIC PH SCRB II DLG RTH UHI RTH 
,00 .. ................. -----------------------------------------------------------------------------·-------------------------··---------------
1s:o1:oo 24.5K U.BK l$.6K 2413 r 1857 F 55.1F 29.30 o.zn 1437 r 1373 F 152.9F I29.1F 177.JF 7.4 JZ. 2 62.1H 

I 5oo O.OP 0.21' O.JP 3.96P 9D.6F 92. 4F 75.4F 71.1F 1.0 89,0F 147.4F 126.8F 

ss:os:oo 24.5K 26.9K 25.6K 24ll F 1944 f 55.5F 29.30 0.2ft 1435 f lf~f 16l.OF IJO.OF 179.1F 7.9 J2.4 61. 4ft 

500 O.OP 0.2P O.JP 3.94P 92.7F 94.6F 75.3F .• .. 1.0 91.2F 147.7r 127.8F 

1s:or:oo l4.5K 26,9K 25.7K 2418 f 1849 F 5S.5F 29.30 0.2n 1430 f 1369 ~99.0F 'IJ0.8f 119.9F 7.9 32.0 60.8R 

500 o.or 0.2P 0.2P 3.92P 94.8F 96.SF 75.6F 71.6 1.0 9l.2F 149.0F 129.6F 
' 

1s:o9:oo 24.7K 27.0K 25.8K 2428 F 1954 F 55.7F 29.30 0.2n 1431 F 1369 F 1~.9f IJ1.9F 179.8F 7.6 32.3 ~9.7R 

500 O.OP 0.2P o •. 2P 3.94P 96.7F 99.5F 76.5F 71.8F ~0 95.2F i~8.0F 129:6F ·. 
ttl iS:n:oo 24.7K 27.0K 25.8K 2411 F 1850 F 55.2F 29.30 . 0.2ft 1431 F 1368 F 20 2F IJ2.6F 190.6F 7.9 31.6 58.9M 
I 

"' 500 O.OP o.JP O.lf 3,96P 99.2F IOO.IF 75.0F 71.3F I 0 96.9F 148.5F ll0.2F 
0 
lD 

~~0u:oo l3;&J 23:~J 26:9~ li!'~ 1153 F 55•1F i3D~8r. 1oHf 1H!ef 1H!Jf 19{:3F 1 ~Uf IUJf uf:~r 31.8 58.2R 

n: 1s:oo 24.5K 27.2K 26.0K 2447 f 1854 f 55. 2F 29.30 0.2n 1412 F 1367 F 189.1F IJ4.2F 191.9F 8.0 31.5 57. 4R 

500 O.OP O.JP 0.2P 4.00P 101.7F 103.7F 76.0F 71.lF I. 0 IOO.IF 148.7F 131.8F 

15:17:00 24.5K 27,2K 26.1K 2449 F 1841 F 55.9F 29.30 0.2M 1434 F 1369 F 197.6F ll4.8F 197.JF 7.0 30.9 56.JK 

500 o.oP O.JP 0.2P 4. 021' IOJ.JF 105.2F 76.2F 71.5F 1.0 101.7F 149.0F 132.4F 

~~0n:oo 26:~J 26:~~ 26:1J ll!~a~ 1845 F 56.2F i3~~~F IOg:!f 1 fl~of IJf!sf 19!:8f ~~~:~f lql:9f IJ!:lF 31.4 55.9n 

15:21:00 24.5K 21,2K 2G.IK 2480 F 1943 F 56.6F 29.30 o.2n 14~ me F m.9F, m.JF m.sr 7.2 30.7 54.7K 

500 O.OP 0.2P O.IP ~~~·"'- 106.JF IOU.Of 76 F 72.1F J.O I 104.7F 149.2F m.7F 

' 
15: H:oo 2UK 27,2K WI F 1819 F 56.6F 29.30 0.2" 14 3 F 1369 f 199.4F IJ6.9F 194.1F u 30.5 54.5M 

500 O.OP O.JP IO.IP 4.04P 107,JF 109.1F 16. ~F 71.8F 1.0 106.1F I49.3F IJ4.2F 
t 

15:25:00 2UK 27.2K @ 2460 F 1949 F 56.SF 29.30 O. 2M 1430 F ms r m.rr m.4F IBUF 6.7 30-5 sl.ln 
500 O.OP O.JP 51.6P 4.04P I09.4F IIO.IF 75.1F 71. JF 1.0 I 07. 2F 149.JF 134.7F 

l. 
15:21:00 24.9K 27.3K ~ 2440 F 1847 F 56.3F H.JO 0.1" 1411 F 13~7 F 196.2F IJ7.9F 194.9F 6.9 ]0.4 52. SA 

StlO O.OP O.JP .SP 4.IOP 109.SF 111.4F 76.0F 71 .lF 1.0 IOO.JF 141.1F ll5.2F 

................................... .., ...... .., ................ ,. ...... ,.. ,., .... ~ ........... ,., ............. r"lll'"l ""- '",."''"""""" 



0Ul2 01 02 Ol 0~ o·· ) 06 ·Ui' u~ 09 II) II 12 I J 14 15 16 
10~ --GLASS FURHACE PDVER---1-------------------------,-----GAS PA~AIIETE~S-----------------•---------------------------------------1 
200 KV AB KV BC 
]00 

KU CO CHBR Tl CN8R T2 ·All& T B~R P AIR DR" orGS II DF6S 12 HUG 01 ftSI 01 EXH 01 OLUG P VHIR OP AIR AIIB 

41)0 ' 1-----------GAS PARAHEIERS COIIT --------1----------~-------LIOUIO PARAIIEIERS----- -· -----------------------------1 
~00 02 CONBUS co C02 HOX HS IHI HE 01 RAO IHI ~A~ 01 CSIC PH SCRB IT ~LG RIH UHT RIM 
600 ............................................................................................................................................. ~---------'---------------------· --------·-------------------------------------

I 
1~:29:oo 24.9K 27.JK 26.1K 2411 r 1934 F ~6 ' 3r H;,~~r o.<ft 1m r 1369 r m.sr m.sr 195. 4F 6.4 30.4 51.'" 
~00 O.OP O.JP -0.4P 2.56P 112.4F 75.4F 71. 2F 1.0 109.5F 149.9F ll5.6F 

I 
15:11:oo 24.9K 27.3K 26.1K 2414 f 1939 f 55.7F 29.30 0.2ft 1430 F 1]64 F •96.1F m.er 195.9f 6.5 ]0.2 51.4ft 
SOD O.OP 0.3P -0.4P ],90P IJ1.3f lll.OF 75.SF 70.6F 1.0 110.\JF 149. 9F IJ6.0F 

15: 3J:oo 25.1K 27.2K 26.2K 2474 f 1841 F ss.3r z1.3o 0'. 2ft 14JJ f 1364 F !97.1F 139.2F 186.1F 6.2 30.1 50.6ft 
500 O.OP O.JI' -O.lP l.92P 112.lf 114i.IF 75.2F 70.6F 1.0 III.IF 150.1F 136. 3F 

' 

5s.or 2~.3o • 15: 35:oo 25.1K 27.2K 26.2K 2450 f 1850 F O.Jft 1431 F 136~ F tOO.OF 139.4f 196. 4F 5.7 29.7 49.2ft 
500 O.OP O.lP -0.3P J.96P lt2.8F 114.8F 75. 2F 70.1F 1.0 111.9F ISO.OF 136.6F 

I 
to 15:31:00 25.1K 27.2K 26.2K 2477 f 1841 f 54.5F 2~. JO 0. 4ft 1431 f 1366 F 197. SF IJMF 186. 6F 5. 8 29.5 49.Jft 
I 500 O.OP 0.3P -0.2P 4.12P . IIIJ.4F II5•3F 74.5F 70.0F 1.0 112.5F IS0.2F m.or 

I'V I 
>-' IS:J9:oo 25.2K 21. 2K 26.2K 2472 f 1845 F 54,JF 2~.30 0.5ft 1430 f 1364 f 197.8F 140.4F 186.9F 5.2 29.4 48.2ft 0 500 O~OP O.JI' -O.JP 4.10P 1114, 3f 116, 2F 75.2F 70.1F 1.0 lll.IF ISO.OF 137.1F 

1s:41:oo 25.JK 21. 3K 26.3K 2494 f 1859 F 54.JF 29.30 0.4ft 1435 F 1369 f 196.1F 140.5F 187.2F 6.0 29 •. 0 47.4ft 
500 O.OP 0.3P -O.ll' 4.04P IIMF II6.8F 75.2F 70.3F 1.0 lll.9f 150.3F 137. SF 

I 
n:n:oo 25.2K 21.lK 26.JK 2487 f 1842 f 54.1F H.lo 0•4ft 1426 f 1364 f I96.9F 141.2F 187.6F 5.9 30.1 46.9ft 
500 O.OP O.JP -0.4P J.96P 1~5.5F 117,4F 74.9F 70.3F hO 114.6F 150. 3F m.sr 

1365 f 19,.6F 141.4f 187.8f 1s:n:oo 25.1K 27.3K 26.3K 2410 F 1844 F 54.4F 29.30 0.4ft 1431 F 6.3 29.1 46.Jft 
500 O,OP O.JP -0.3P 4.02P II&.Jr m.1r 75.7F 70.4F I. 0 115.3F 150.6F IJ8.1F 

! 

1~:H:oo 25.2K 27.4K 26,JK 2174 f 18~3 F 54.4F 21.30 0•3ft 1432 F 1368 F 196.7f 141.7f I88.0F 6.5 29.7 45. 7" 
500 O.OP 0.2P -O.JI' 4.10P 'I'· 9F 

118.6F 75.3F 70., __ \ 1.0 116.0F 150.6F IJ8.5F 

15:n:oo 25.1K 27.4K 26.3K 2366 f 1871 F 54.7f 2~.30 O~lft 1436 f 1366 f 119l.2F 141.9F 188.1F 6.7 . 28.8 44. 9" 
500 O.OP 0. 2P -0.4P 4.14P 117.6F II" 2F 75.5F 70.7F 1.0 I16.5F 150.7F IJ8.6F 

15:s1:oo 25.2K 21. 4K 26. 4K 2343 F 1855 F 55.2f 2!'.30 O.lft 14J7f 1371 F 200.0F 142.3F 198.3F 6.3 28.9 44.3ft 
500 O.OP 0.2P -O.JP 4.16P f19.4F IIUF 75. 7F 70.7F 1.0 117.2F 150.7F 138.9F 

15:51:00 25.2K 27. 4K 26.4K llll f 18i0 F 55.5F 2,,30 0.2ft 1440 F 1371 f 190.2F 142.6F 188.Jf 6.2 "28.6 44.0" 
5•10 O.OP 0.2P -O.JP 4.1BP 119. 7F 120. JF 75.7F 70.8F I. 0 117.9F ISO.BF 139.2F 

·. 



UVLL Ul OL U~ v~ UJ UO ~~ ~: C1 IU II It !J I, oJ It 
100 --GLASS FURIIAC£ POVER---1-------------------------------GAS mRIIEIE~S---------------------------------------------------------1 200 KV AU KU BC KU CD CNBR Tl CN~R T2 AHB T BAR P AIR DRH OFG5 II OF65 12 I)LUG 01 KSI 01 EXH 01 OLUG P VHTR DP AIR AIIB 
JOO 
400 1·----------GAS PARAHEIERS COlli --------1-------0----------L I QUID PARAtiE IERS--------------- ---------------------1 
500 02 tDHBUS CO C02 NOX HE IHT HE 01 P.AD IHI ~A~ OT =siC PH SCRB IT DLG RIH UNI RTN 
600 --------------------------------------------------------------------------------------------------------------------------------
15:ss:oo 25.2K 27.5K 16.4K 2370 F 1897 F 55.4F 29.30 O.JH 1436 F 1372 F i96.5F 142.7F 188.4F 6.4 28.6 42.9" 

. 500 O.OP 0.2P -O.JP 4.20P 119.2F 120,7F 75.9F 70.9F 1.0 118.4F 150.8F il9.4F 

15:57:00 25.2K 21,5K 26.5K 24!5 f 1881 F 55.4F 29.30 0.2H 14~1 f IJ71 F :97.4F 142.9F 198.5F 6.1 28.2 42.2A 
500 O.OP 0.2P -0.31' 4.20P 119.7F 121.1F 75.5F II.OF 1.0 118.7F 150.7F m.4F 

15:59:00 25.lK 27.5K 26.5K 2374 F 1875 F 55.6F 29.30 0.2n 1417 F 1371 F '91.4F 14J.OF I89.7F 6.1 28.4 41.5H 
500 O.OP 0.2P -0.31' 4.22P II9.9F 12i.Jf 76.0F 71.0F 1.0 119.2F 150.9F IJ9.7F 

16:ot:oo 25.JK 27.5K 26.6K 2429 F 1818 F 55.6F 29.30 O.ln 1444 F lli5 F •89.8F !4l.JF 198.9F 5.7 27.9 41.3K 500 O.OP 0.2F -O.IP 4.16P 120.5F 121.1F 75.7F 70,8F 1.0 119,7F ISI.OF IJ9,9F 

t6:DJ:OO 25.5K 27.5K 26.6K 2397 F 0874 F · 55.8F 29.30 0,2A 1443 F 1373 F i77.1F 143.5F 189.1F $.4 27.7 40.5H 
tD 500 O.OP O,JP -0.4P 4.26P 121.0F 122.0F 75.9F 71.1F 1.0 020.1F UI.OF 140.0F 
I I 
~ 16:os:oo 25.SK 27.5K 26.5K 2412 F 0876 F' $6.0f• 29.30 0.2n ~442 F 137] F •82.0f 143.5F 189.2F 5.2 27.2 39.9H 
"" 500 Q.OP O,JP -O.IP 4.19P 121.5F 122.4F 75.5F ?I.IF 1.0 120.6F ISI.JF 140.1F 

I 
16:07:00 25.4K 27.5K 26.7K 2452 F 1874 F 56.2F 29.30 0.2A 1444 F 1372 f i82.0F 143.8F 189.JF 5.8 26.8 39,2H 500 O.OP 0.31' O.OP 4.20P 121.9F 122.6F 76,3F 71.4f 1.0 121.2F ISI.4F 140.4F 

16:09:00 25.5K 27.5K 2G.7K 2499 F 1885 F 56.2F 29.30 0.2n 1438 F 1372 F 194,1f 144.2F I89.5F 5.1 27.1 38.7R 
500 O,OP 0.31' ·O.IP. 4.46P 122.1F 122.8F 75.DF 71.1F 1.0 m.SF 151.6F 141.0f 

16111:00 23.5K 21.5K 26.7K 2485 F 1894 F S6.5F 29,10 0.2n 1441 F 1372 F 192.1F 144.4F 189.6F 6.2 27.0 J8.2n 50u O.OP 0.31' O.OP 4.19P 12L.4f 123.2F 75.9F 71.3F 1.0 21.7F 51.6F 141.2F 

IG:IJ:DO 25.3K 27.5K 26.8K 2481 F 1891 F 56,5F 29.30 0.2" 1441 F 1371 F 199.2F 144.5F 189.6F 5.1 26.6 37.5H 
500 O.OP O.JP -O.IP 4.26P 122.5F 12J.7F 75.3F 71.1F 1.0 12!.8F 151.7F J41,3f 

16:15:00 25.4K 27.5K 26.8K 2499 F 1894 F 56.Jf 29.30 0.4H 1440 F 1371 F 189.7F 144.6F 189.8F 5,7 26.5 37.2H 
500 O,OP O.JP O.JP 4.24P J22,8f 124.0F 75.3F 76.6F 1.0 122.3F 151.6F 141.4F 

16:17:00 25.1K 27.SK 26.8K 2419 F 1892 f 56.0F 29.30 0.4n 1441 f 1172 F 190.9f 144.6F j99.9F 4.9 26.3 36.4n 
500 O.OP O.JP 0.2P 4,2BP 12l.OF 124.JF 75.JF 70.6F 1.0 12'-JF,.AS1.7F 141.3F ''-c. \ "'1-.f 
16:19:00 25.4K 27.5K 26.7K 248! F 1084 F 55.~F 29.30 0.4A 1440 F 'il7i F 186.0F 144.\IF 190.1F 6.0 26.0 J&.OK 
500 O.OP O.JP O.JP 4.2BP 12J.JF I24.6F 75.2F 70,3F 1.0 122.7F 15!.:6F 141.5F 

., t: MOl'. Nnmtn rlt"!lf"t nrwrlJTl'll IIOCfC" f!l"nf'f't'CfUf': C"UC'Tf'N(" r:r n<"<" t'llf'll,1il':' lllll'l t"l'rl MI'C HtrlliCC'DTMD 



0022 01 02 03 U4 u~ 06 0/ Uij U'l IU II ll IJ .. IJ lb 
100 ··GlASS FURII~CE POVER-··1····-·····················c····GAS FA~AHEIE~S--------------------------------------------------·------1 
200 kV AD kU SC KU CO CHSR Tl CII~R 12 MS T SARI P AIR OR" OFGS Tl OFGS 12 HUG 01 "51 OT EXH OT OLUG P UNIR OP AIR AHS 
100 
400 1-----------GAS PARAHETERS COIIT --------1-----------"------ll OU 10 PARAIIE IERS--- • ·-------------------------------1 
500 02 consus CD t02 NUX HE1 IHT HE OT ~AD INI ~AD 01 tSTt PH SCRS IT OLG RIN UNT RTN 
600 ---------------------------------------------------~--------~-------------------------------------------------------------------

' 16:21:00 25.4l 27.5K 26.1K 2m r 18£2 r 55.JF 29~30 o;sn 1444 F ll72 F 190.5F 144. 9F 190.If 5.3 25.7 J5.7n 
500 O.OP O.JP 0.2P 4.J2P 123. SF 124. 9F 74.SF 69. 9f I, 0 122.9F 151.7F 141.5F 

1o:21:oo 25.41 21.61 u.n 2451 F 1881 F 55. If 29\30 o.5n 1439 r mo F 189.8F 145.0f 190.IF 4.0 26.0 J4.7n 
500 O.OP O.JP 0.4P 4.34P 123.5f 124.8F 7Uf 69.5f I. 0 m.1r lSI. 7f 141.6F 

r 

16:2s:oo 25.41 21.6K l6.7K 2416 f 1872 f 55. IF 29!, 30 o;s" 1438 r 1371 f 192.8f 145.1F 189.8f 5.8 26.] l4.2n 
500 O.OP O.JP 0.7P 4.29P u,J," 124.Bf 74. 2f U.6f 1.0 123.2F 151.8f 141. 7f 

16:27:00 2$,4K 27.5K u. 11 2509 r 1876 r 55,0F 21.30 o.5" 1437 r m9 r ~B6.6F 145.2f I89.8F 4.9 25.7 33.9" 
500 O.OP O.JP 0.4P 4.J4P IZ4,1F 125.3F 74.3F 69.5f I. 0 123.4F 151. 8F I41.8F 

16:29:00 25.4K 27.51 26.1K 2492 F mo r 55. OF 29], 30 0.4" 1441 F 1371 r ~90.6F 145.3f 189.6F 4.5 25.4 l3.4n 
500 O.OP O.JP 0.9P 4.36P 12]4,1F 125;5f 74. 3F 69.3F 1.0 m.5F 151. Sf 141.8f 

tJj 16:31:00 2$.61 27,5K 26.11 2517 F 1881 r 54,9F 29!.30 Odn 1441 r 1370 F P91.2F 145.4F 189.6F 5.1 25.0 32.6n 
I 500 O.OP O,JP I.OP 4.46P 12~. 4F 125;8F 74.5F 69.5f 1.0 lll.8F 151. SF 141.9F 
"' ..... ' 
"' 10:n:oo 25.5K 21.51 26.91 2537 F 1883 F 54. 9F 291, 30 0.4" 1440 F 1369 F t73." 145.5F 189. SF 5.2 24.3 31.7N 

500 O.OP O,JP I.OP 4.48P 12;4. 5f 126iOF 74.2F 69.5F 1.0 124.0f 151. SF 142.0F 

16:1s:oo 2'-!K 21.51 26. 7K 2471 F 1190 F 54,9F 291-JO o;4" 1451 F I 377 F !86. Of 145.4f 189.1f 5.2 23.2 31.6" 
500 O.OP O.JP 0.6P 4.59P 12,4,3f 125i8F 74. 2f 69.3F 1.0 123. 9F 151.7F 141,SF 

16:n:oo 25.51 27.5K 26.91 2111 r 1892 r i 54. 9F 29.30 0;3n 1454 F ll79 r li8. 7F 145.3F 188.9F 5.6 22.4 3o.en 
500 O,OP 0.3P O.SP 4.72P 1Z4.4F 125.3f 73.4F 69.2F 1.0 m.sr 151.9F I41.9F 

I 

16:n:oo n.u 27.1K 26.BK 2m F 1896 r 55,0f 29coJO o, 2" 1459 F 1383 f 156.5f 145.4f IS9.6f 4. 7 21.7 29.9" 
500 O.OP O.JP o,JP 4.701' 124.lf 125.3f 73.Sf U.lf 1.0 123.9f 151.SF 141.7F 

I 

16:41:00 25.4K 27.4K l&.8K m1 r 1897F 55.0F 2!.30 o.2n 1455 F 1381 F 155. 7f 145.4F 188.5F 4,7 21. I 29.6" 
500 O.OP O.JP 0.2P 4.82P 124.4f 125. 3f 7J.7f 69.9f 1.0 123.9f 151.9f 141,7F 

16:u:oo 25.3K 27.4K l6.8K 2521 F 1911 r 55.3F 29.30 o. 3n 1464 f 1396 F 153.2F 145,7F 198.5f 4.6 20.4 29.0" 
500 O.OP 0,3P 0.8P 5.22P 124. 7f 125.6f 7J.2F 61.1f 1.0 m.IF m.2r 142.0f 

1&:4s:oo 25.3K 27.41 26. 8K ISH F .,05 f 55. iF 29.30 o.Jft 146Q f 1194 f 154.6f H5.7f 198.2f 4.1 20.9 21.8" 
500 O.OP O,JP 0,9P 4.94P 114. 9f 12S. 6f 73.6F 69.JF 1.0 124.3F 152.1f 142.0f 

. ~ .•. - ...... ~-- ........................ ,.. , ..... ~ .. ,. ,., .. ,,,.. r-,,., .. _._,..,. ""'· "''"' "'' .. tu;•rurt>orno 



l!UU Ui Ul u~ U4 U) Ub Ul u~ lJ':' IU II ll IJ 14 I) lb 

100 ·-6LAS 5 fURIIACE POVER •• -1----···-··· --------------------GAS FA RAilE IH S------- ----- ---------------------------------------------I 
2~0 KU AB KU BC KUCD CltBR Tl CMBR T2 AffB T BAR P AIR ORH OFG5 II DFGS 17 f•LUG 01 nsl 01 EXH Dl ~lUG P UHIR DP AIR AIIB 

100 . 
400 1----- --·---GAS PARAitETERS COlli -----·-·t··----------------ll OU I P PARA HEIER 5------------------------------------1 
500 02 CUMBU5 CD CDI NUX , · HE JHI HE 01 RAD INT RAD 01 CSIC PH SCRB If DLG RIM UNI RIH 
600 ~------·------------------------------------------------------------------~-----------------------------------------------------

16:47:00 25.JK · 27.4K 16.8K 1540 f 1921 F 55.9F 29.30 0.4" 1466 F IJS9 F 152.6F J45,7F 197.BF 3.7 20,] 27.8H 

500 O.OP O.JP O.JP 4.92P m.,r m.7F 7J.6F 69.8F 1.0 124, SF 152.1F 142.0F 

16:41:00 25.JK 27.4K 26.8K 2536 f 1911 r 5S.9F O.lR 1455 F 1379 F 154. lf 145.8F I87.4F 5.2 22.1 17.4" 

500 O.OP o.JP O.JP 4.92P m.4r 7J.Sf 68. 7F n.o 124. 4F 152.2F 142.1F 

16:51:00 25.lK 27.4K zuK me r 1908 f 55.9F 0.1K 1457 f 1381 F I54.6F 146.0F J87,JF 5.1 22.0 26.9" 
500 O,OP O.JP O.JP 4.78P 125, 7F 7l.Sf 68.5F 1.0 124. SF m.IF 142.2F 

16:s1:oo 25.JK 27.4K 16.8k 2512 F 1919 f 55, 8F 29, JO ; O. 2K 1458 F 1384 F 154. 7F 146.0F 187 .IF 5.0 22.2 26.3A 

500 O.OP O.JP 0.5P 4.79P 125.21" 125.8F 73.3F 68.8F 1.0 124. 7F 152.2F 142.JF 

IJ:J i6:ss:oo 2S.lK 27.4K 26.tK m• r 1902 F 56.0F 29,30 0.2H H62 F 1389 F 194.1F 146.3F 187.2F 5.2 22.6 25,9R 
I 

"' 500 o.oP o.JP 0.9P 4.76P 125, 5F 125.9F 13.lF U.6F I. 0 m.9r m.JF 142.6F 
,_. 
w n&:sr:oo 25.3K 27.4K !UK 1149 F 1895 f 56.1F 29.30 0, 2K 1463 f 1388 F 196.0F 146. 4F 187, OF 5.0 22.6 25.2H 

500 O.OP O.JP O.OP UBI' 125,5F 126. 2F 7J.IF 68.5f 1.0 m.IF 152.4F 142, 7F 

16:59:00 25.4K 27.5K 2&.u w• r 1909 f .56. IF 29.30 0.2ft 1461 F 1369 F 184.8F 146.5F 107. OF M 23.5 25,0A 

500 O.OP o.JP O.JP 4.701' I I25.6F 125.9F 7J.2F 68.4F 1.0 m.IF m.2r l42.7f 
• 

17:o1:oo !S.IK 27.5K 26. @K 2487 F 1902 F ~6. 4F 29.30 O.IA 1470 F 1395 F I84.5F 146.7F 187.JF 5.3 23.7 24.1H 

500 O.OP o.JP 0,2P 4.72P ) I26.0F B26.Jf 7J.Of n.sr 1.0 m.4F 152.9f 14J.OF 

f:o1:oc 1i:3~ zuJ ~~·~K 24&9 F 1900 F 56.6f 29.38 O.IH 1166 F 1393 F !77.9f 146.9F 187.JF 6. I 24.9 24.0fl 

00 • p 4.801' m. r 126.2F l.6F 68.3F •• 0 125,6F ISS. IF 143.JF 

17:05:00 ZS.JK 27.4K 2&.7k mo F 1896 F 56.5F 29,30 O.IK 1465 F 1391 f m.or I46.9F J87,JF 6.0 24.4 nan 
500 O,OP O,JP 0.2P 4.601' 125. JF 125. 9F 72.2F 69.0F 1.0 125,4F 152. SF 14J,IF 

11:or:oo u.n 27.1K 26.9K 2384 f 1mr 56. OF 29.30 0.2A 1462 F 1392 F 191.6F w.or m.JF 6.7 25.1 2l.OA 

500 O.OP O.lP O.IP 4.64P 124. SF m. 4F 72.6F 67. 7F 1.0. m.er 152.5F IU.OF 

11:o1:oo 26.2K 27.11 16.9K 2403 F 1993 f 55.5F n.JO o.m 1459F 1397 F 199.9F 146.5F 187.0F 8.1 27.5 Z1.7A 

500 O.OP O,JP O.JP 4.38P m.rr 124. 6F 72.3F 67.4F 1.0 124. OF 152. 5F m.rr 

17:11:00 26.1K 21.2K 16.91 WI F 1895 F 55.2F 29.JO o. 2Ft 1462 F 1399 F H6.8F 146, 2F 187.1F 8.1 27.0 
ll. '" 

500 O.OP O.JP 0.4P 4.38P m.or m.oF 72.1F 67.2F 1.0 m. zr 152.4F 142. lf 

--··· -···-··~·· .. ---- ·---~·-···- -··- .. ···- ~· ~~, ~"~··-~~ "'"~ ~ .................................... .. 





.. .. ·- ·n ... .. .. "· . .. .. 
100 -·GlASS FURIIAC£ POVER···t····························-··GAS rR~AHEIERS··--------··--·----····---··----··---------·------·-···--1 
200 KU AD KU BC KU CD tnBR Tl CMBR T2 AKB T DAR P AIR O~tl OF~S II OfGS 12 HUG 01 KSI 01 EXH 01 DLU6 P UNTR DP AIR AIIB 
JOO 
'400 1----------·GAS PARRME IERS COIH --------t-···-··-· -·------·L IOU I D PARA fiE IERS--- -· ------··--· -- · ----------------·t 
500 02 cuneus CD £02 NUX HE IHT HE 01 RAO !HI RA~ 01 fSIC PH SCRB IT ~LG RIH UHI RTH 
600 -----~m-•-------------------------------------•••••••-·•••••••••••••·•-•••··--•--•-••••••--------------------------------••••••• 

' 11: n:oo 26.0K 27,3K l7.0K 2369 f 1873 F 55.6f 29.30 0.2K I~S2 F 1381 F 291. JF 144.0F 199.7F 7. I 27 .I 17.0" 

500 O.OP O.JP 0.2P 4.l2P m.OF 120. 2F 72.2F 67. 7F 1.0 119.7F 151.6F I41.1F 

11:4r:oo 26.0K a7.3K lf.OK 2!58 f 1066 F 55.4F 29,30 O.IH 1456 F 1386 F WJ. 2F 144. 5f 199.9F 7.3 27.1 17.2" 

500 O.OP O.JP O.OP 4.J2P IJ7,9F 118.9F 72.5F 67. 9F 1.0 118.6F ISI.7f 140,7F 

17:u:oo 26.0K 27.4K lf.OK m5 F 1869 F 55,3F 29.30 0.2A 1452 F 1393 F 23D.Jf 144.0F 199.0F 7.9 27.0 u.sn 
·SOD o.oP O.JP ·O,IP 4.30P 116.4F m.sF 72.5F 67.4f 1.0 JI7,3F 151.6F 140.4F 

17:45:00 26.1K 21.4K n.oK zm r 1873 F 53.3F 29.30 O.IA 1454 F mz r m.9F 143.4F 189.9F 7.7 27.1 16.1H 

500 O.OP O.JP -0.2P 4.22P 115. JF IJ5,5F n.sr 67.8F 1.0 116.1F 151. 6F 139. 9F 

to 17:47:00 26.0K 11.4K H.OK 23&5 F 1868 F 55.6F 2;,30 O.IR 1452 F 1383 F 2J4.JF 142.9F 189.7F 7.4 27.2 16.1" 
I 500 O.OP 0.3P 0.3P 4.22P m.4F 115. 4F 72.3f 69.0f 1.0 m.oF 15!, JF IJ9, Jf 

N ,_.. . 
U1 17:49:oo 26,0K 21.4K U.OK 2351 F 1872 F SS.OF 29.30 · 0.2A 1456 F ll85 F 118,6F 142.7F 189.9F 7. 7 27.3 u. i" 

500 O.OP O.JP o.OP 4.421' IIJ,BF IIMF 72. 9F 60.0F I. 0 114.3f 151. 6F m.xr 

17:sx:oo 26.0K 27,4K !7, U 2!75 F '1873 F 56.4f 29.30 O.ln 1453 F 1381 F 203.2F 142,5F 189.6F 8.1 27.4 15. 4ft 

500 O.OP O.JP 0.4P 4.32P 113.5F 114,7F 72.7F 69.4f 1.0 m.er 151. SF 138. 9F 

17:sJ:oo 26.1K a7.4K 27.1K 2333 F 1869 F 56,4F 29,30 o.on mo F 1379 F 897.8F 142.1F 199.9F 7,3 27.3 15.lR 

500 O.OP O.JP -O.JP 4.24P lll.2F 114.5F 72.9F 68.2F 1.0 IU.2F 1$1.1F IJUF 
! 

~1:ss:oo au~ 21.5K 21.1K 2!04 f 1873 F 56,9F 29ll0 O.lft 1441 F 1372 F 20I.OF 142.1F 189, OF u.a 27.7 15,2R 

00 O,JP O.OP 4.22P ll • IF II4.9F. 72.9f U.4F 1.0 m.IF 151,3F IJD.SF 

17:57:00 2G.OK H.IK 2r.1K am r 1870 F 57.0F 29.30 o.~n 1439 f mo F 1&9. BF 141. 9F 189, 9F 7.7 27.4 14.1H 

500 O.OP O.JP O.IP 4.28f' Ill. IF II4.6F 7J,JF 68.7F 1.0 IU.IF 150.9F IJ9, 4F 

17:51:00 26.1K 27.4K li.IK lll4f 1867 F 57.0f 29.30 O.IM 1443 F 1374 F 186.0F 142.0F l88.9f 8.1 27.3 IUM 

500 O.OP O.JP -O.JP 4. 28f' m.JF 114. 9F 72.9F 68.JF 1.0 m.2r 151,1f 138.4F 

1e:o1:oo 2G.IK 21. SK 21. 2K mo r 1954 F 56.7F 29.30 O. IM 1440 F mJ r 2o2.JF i41.9F 189.7f 7.0 27.3 
14. '" 

500 O.OP O.JP O.OP 4,28P m.sr 115.1F 73,0f 69.1f 1.0 m.Jr lSI. OF m.4r 

u:oJ:oo 25,2K 21.9K l7.0K ll54 F 1864 F 57.1F 29,30 0.2M 1440 f 1374 F 138.9F 142.0F IOUF 8.3 27.5 IUH 

SQO O.OP O.JP ·0.4P 4.2aP IIUF 115. 4F 72.9F 68.0F 1.0 Jll,6f 151.1f IJ9.4F 

~ ,.. .,",. "n"""' ..,,..u,.. "'",or"':" nnru· """,..,.,•r"''" rnrtl'"•tr rt o.::t"" rur-uort Ollfl r11r1 nut rurtlltC'DTOO 



0022 01 02 OJ 04 05 06 07 OB 0~ 10 II 12 ll 14 15 16 
100 KU6~:ss f~~~~:~( r~:E~ii- -I ciiiiii' j i '[i;~ii-ri-- ii~;-T ·;R~-z~~~ ~:~RHE ~~~s ii- jj; ~s-i ~]~~~-iii-;t5i-iii'-E ~~-iii-- ~~u~-;·-~~i; -~;- ~i;- ~;,~ 200 
JOO ~--;~----c;~~~~ PAR~~ElERs r~~~~~ ---~iix __ , _________ iiEi- "'--ii~ 1 ~~I o '~A~l E:~D-;; --csii:-;ii ·;;i:iiii -i i -~L 6 ·;;;·;;;·;;~ 400 
500 
600 ........................................................................ ~-----·----------'---------~------------'------·-------·-·---·----------------------------------
1a:os:oo 25.2K 27, 7K 27.0K 2357 F 1865 f 57,1F n.30 o; 2n 14J9 r 1370 F IOO.OF 142.1f 198. 9F 7. 9 27.8 14.6n 500 O.OP' I O.JP -O.JP 4,24P lli4.2F ll6.0F 72.6F 67.8F 1.0 113. 9F 151. OF 138.5F 

1a:o1:oo l5.JK 27.8K 21.0K 1911 F 1773 F 56. 9F 29!. 30 o.2n 1336 F 1302 F m.JF 140.5F 188.7F 9.0 26.9 14.on 500 O.OP o .• JP -O.IP 4.26P 11:4, 5F 1161 2F 72.1F 67.8f ' 1.0 li4.1F 147, 9F IJ7,JF 
/ 

1a:o9:.oo 25.4K 27.8K 27.1K 1683 F 1681 F 56, 9F 29!, 30 011n 1304 F 1269 F ~81.5F IJ6,1F I88.6F "' 26.6 u.sn 500 ) O.OP O.JP 89.5P 0.62P II~.OF 116.8F 72.7F 67 ,5F 1.0 li4.7F 142.5F U2,0F 

13: u:oo 2MK 27,9K 27.0K U02 F 1190 F 56, 7F 29i.30 o.1n m2 r 1224 F ~39.9F I]J,JF 176. 7F 9.] 9.8 u.4n 
500 .,)\- O.OP O,JP 22.6P 0,46P II~. 9F 116.1F 71, 8F 66.BF 1.0 IIMF ll9.4F 127,4F 

!)j 1Wtt I E'..l\1• lr: I!! ~ Tl}\t, 
56. 8F 291. lO I 18:13.00 25.8K 21.0K 27.0K 1620 F 1831 F o.on 1274 F 1225 F •J5.5F lll.IF 168.1F 8.9 1.7 u.1n N 500 O.OP O.JP 8.9P 0.46P u:ur 115.8F 71.1F 66.5F 1.0 114.7F m.sr 124. 9F ..... 

0'\ 

,,, 
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I 
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2 5 "RC-KDUHD OE'IHDPNEHTAL YASTE P~OtESSIH~ SYSIENS GlASS FU~IIAtE AH~ C'ltlO~! !ftC IIIE~.AIOR 

m 01 02 03 04 05 06 07 08 09 I 0 II 12 13 14 15 16 

\---------------------------------------------------------2~3TlHA~Rq 
2Ril-------------------------------\---ftlWOq lJAHRU~ 22AJa-- 001 

200 kU AD KU PC «U CD tnU II CHBR 12 RHO I BAR P AIR O~n DFGS Ti DFGS 12 ~UIG DT HST DT EXH OT OLUG P UP'R OP AIR RHB 

JOO 
400 1-----------GAS PARR"EIERS tDNI--·-----1------------------LIQUID PRRRIIEIERS------·-----------------------------1 

500 02 CDnBUS CO C02 HOX HE 111.1 HE 01 RAO IHI RAP OT ~STC PH SCRB II DLG RTH UHI RTN 

600 -------------------------------------------------·-------------------------------.. ·---------------------------------------------

n: 29: !I 27.4K 
500 O.OP 

19: JO: 30 28.0K 
500 O.OP 

18:32:02 29.2K 
500 ·6.3P 

D ... o!l-::. 

27.9K 27.4K 1553 F 1757 F 49.5F 29,30 O.OH 1243 F 
O.JP -2. 5P -0.04P ~~ fV<e l;!u!F~F !._ II~.OF 68.6F 

27,7K ~&W 918 F 51.4F 29.30 O.Jn 1226 F 
O.lP - , - , 112.7F III.Sf 69. 7F 

27.7KI"~I999 f 58.0F 29,30 o.m 1115 r 
-I.JP 95.5P 5.12 "'loU... IIO.Of 108.4F 

;;!11N :?.31 I~ 8'5"' 

"' 

68,JF 

ms r 
64,7F 

1140 F 
64.7f 

1061 r 
64,7F 

IJO.IF 
1.0 

12J.9F j47.6F '·l 
II .IF 32.9F 121. F 

i42,4F IJO.SF 146./F 0.5 
1.0 110, 9F m.2r 121. 5F 

IJ7. 2f IJI,6f 14UF o.o 
1.0 105, JF m.4F 119,9F 

'/:J -"' I g-t;:_ L{t}ooti:t.o;lf'q <':... ~~: ~0 o:rtnM ( t»lo..u, ~:.. o.__ A<vnJ..A.. \ 

e.J 12.Jn 

o.o 12.5H 

-0.3 12.8" 



2 5 nRC-HUUHD OEUELUPnEHIAL URSIE PROCESSIIIG SVSIEnS GLA>S FU~II~(E AIW [V(LOilC lfl( IIIUAIOR 
002) 01 Ol Ol 04 05 06 : 07 08 09 10 II 12 13 14 15 16 
100 --GlASS FURHACE POWER---1-----·--------~----------------GAS P~RRIIEIERS----------·----------------------·----------------·--·-c-1 
200 kU AI kU IC. kU CD tHII II tHBR 12 AMI I BAR P AIR O~H . OFGS II OFGS 12 DlUG 01 HSI 01 EXH 01 DLUG P VHTR DP AIR AIIB 
300 
400 I·········· -GAS PARAn£1 EIS CO HI--··· ---1·········-'·· ------ll ~UI D PARAHE IERS------ --- ---·-----------------------1 
500 02 cuneus co C02 flUX HE IHT HE:OI RAD IHI RAD Ul tSIC PH SCRB IT DLG RTH UHI RTH 
600 ...................................................................................................... -- ........................... -·- ...................... --- .... --- ....... ----- ................. -- ................................ ------ .............. ---------------------
09:24:,3 25.5K 25.6K 23.2K 2390 F 2393 f 89.0F 2:9,30 4.3n 923 f mr 5J.5f 217. 6F 52.9f 0.1 -0.4 6t.4H ,00 -6.3P ·I, 3P f4,1P 4, 9SP l9.4f 32.6f ·71. 'f 61.0f '· 0 54.2f ,,3f 51.9F 

01:25:31 24.4K 25.JK 2J.5K 2396 F 2392 F 87,0f 2p3 4.5H 92Jf mr 53.2f 214.2F 52.Bf 0.1 -0.4 6J,BH 
500 -6.JP ·I, JP J4.2P 5.02P U.lf J2.9f 71. BF 67. 2f 1.0 52.9F 60.4F 52.Bf 

12:42:00 25.2K 25.6K 24.JK 2353 F 2135 F 6o.3r 2;9, 23 0.4H 1498 f 1404 f Ill. 7f l01.7F l42.5F 5.1 46.6 65.9H 500 .,,3P ·1, JP -3.4P 5,46P 67.2f 68.,f 76,3f 72.1F 1.0 66.3F m.er 99.5F 

12:44:oo 25.2K 15.6K 24,JK 2377 F 2139 F 60.6F 2S.23 o.4n me r 1404 r m.3F l09.9f 145. 6F 5.1 46.3 ".BH 500 -6.3P ·I, 3P ·J.5P 5. 54P U.IF 70.4f 76.5F 72.4F 1.0 68.0F l40.9F l00.9F 
tJ:j 

12:46:00 15.2K 25.6K 24.1K 2375 F 2143 F 60.7F 2M3 O, 4H 1501 f 1409 f :J2,7f 110. 7F l49.0F 5.0 46.4 65.7H I 

"' ,00 .,,3, ,_. ·I. 3P ·J,OP 5.59P 70.5F 71.9f 76.8F 72.5F 1.0 69.6F l41.0F l02.4F 
(X) 

12:49:00 25.2K 25. 7K 24.2K 2399 F 2142 F 60.8F 29.23 o.4n 1502 r 1409 f m.2r III.6F 150. 2F 5.0 46.1 65.7n 
500 ·6,3P ·J,3P ·2.2P 5.62P 7l,Jf 72.9F 77.0F 72.8F J.O 70.9F I42.1F 103.6F 
u:5o:oo 25.2K 25.7K 24.2K 2412 F 2144 f 61.1F 2M3 o.4" 1504 r 1411 F m.or li2.5F m.3F , 46.2 65.5" 500 ·6.3P -1.3P ·3.5P 5.72P 72.0F 73.4F 76.9F 73.2F 1.0 7J,8f l42.2F I04,4F 

l2:52:oo 25.1K 25,7K 24.JK 2411 F 2147 F 61.JF Z9.23 o. 3n 1504 r 1m r m.or m. or l54.0F 4.6 46.1 64.5" 500 -6.JP ·1,3P ·3.3P 5.72P ~l.IF i4.6F 77.2F 73.3F J. 0 72.7F l43.0f 105,2F 
12:54:00 25.2K 25.7K 24.JK 2485 F 2150 f 61.6F 2~.23 o.3n 1510 r 1411 f ll4.3F IJJ.8F 155. 7F 5.0 45.8 n.en 
500 ·6.3P ·I,JP ·3.1P 5.72P 73.8F 75.8F 77.5F 73.3F 1.0 7J,4f 14l.IF I06.lf 

12:56:00 25.2K 25.7K 24.JK 2429 F 2154 f 62.1f 29.23 o.Jn 1511 r 1414 F IJUF 114.5F 157.3F 5.0 45.9 63.6H 
500 ·6, JP ·1,3P -MP 5.80P 15,3F 77,4F 77.6F 73.4F 1.0 74.6F 14J.5F 107.0F 

u:~a:oo 15.1~ 25.6K 24.JK 2522 F 2179 F 62.3F 29,23 0. JH 1520 F 1419 F 135.9f 115. 6F 159. 7F 5.2 45.9 63.3" 500 ·6,JP -I.JP -4.4P ·0.12P ?6.6F 78.4f 77.JF 73.4F J. 0 i6.0f 144. 7f J09.6F 

13:oo:oo 24.9K 25.6K 24.4K 2546 F 2190 F 62.1f 29.23 0.3" 1527 r 1421 f fl6, 'f 116.lf 160.0F 4.1 45.7 62.5" 500 ·6.3P ·J, JP -o. 7P -o. o2P 78.JF 80.1F 77.1F il.4F 1.0 17. JF 144. SF 109. F 

u:o2:oo 24.7K 15.6K 24.JK 2522 F 220£ f 62.1F 2U3 O. 3H 1529 F 1426 F :J6.2f 116. 4f 161. 2f 5.0 45.8 61.7" 
500 -6.3P -I.JP H.IP 5.20P i9.SF 9!.6f 76.8F 73. 4f 1.0 IB.BF 144.7f liD. SF 

~ 



l ) nK~·IIUUNU UtVtlUPntHIHL lfholt i'kUlt>o!Hb ~V>IlN!> ul~oo f oHHHI. t HH(I :;, UUIIl JHI,Iflt~h I Ur 

002l 01 02 OJ 04 05 0& 07 09 09 10 II 12 ll 14 15 16 

100 ··GLASS FURHACE POVER---1-------------------------------GAS fARAHEIERS---------------------------------·-----------------------1 
100 KV AD kU DC KU CD CKBR Tl CHBR T2 AftB T BAR P AIR DRH DFGS 11 OFGS 12 !'ll'G 01 ftSI 01 EXH 01 DLUG P UHIR DP AIR AHB 
JOO 
lOQ 1·----------GRS PARAKEIERS CDHT-··-·---t·-----------------LIOUID PA~AftETERS·-----------------------------------1 
500 02 cuneus co C02 HOX HE IHT HE OT RAP IHI RAP OT tSTC PH SCRB IT DlG RIH VHI RIH 
600 ABGDD.DD8A.GG~DBDDDDDD•••--------------------------------------------------------"----------------------------------------------

I 

u:o1:oo 24,5K 25.6K 24.3K 2540 F 2211 F 62,0F. 29.23 0.3~ 1530 F 1427 f ;J6,6F 116. 9f 162.2f 4.5 46.2 61. 2" 

500 -6. 3P -:, JP 5UP 6.90P 80.7f 92.9f n.sr 7l.4f 1.0 DO. IF 144.9F 111. 3F 

u:o6:oo 24.JK 25.SK 24.JK 2567 F 2219 f 61.9F 29.23 0, JM 15l2 F 1426 F :J7,9F 117.3F 163.2F M 45.7 60,5H 

500 ·6, 3P ·I,JP I, 9P 6.84P 82.2F 31.4F 77. 9F 7J.lF 1.0 . 81. lf 145. 2F m.ar 

n:oe:oo 24.2K 25.5K 24,JK 2609 F 2216 f GI.7F 29.2~ 6 .. 3" ISH F 1430 F l37.4F 117.9F 164.0F 4.4 45.6 59.7H 

500 ·6,3P ·I.JP 2.0P 7.06P eur 95,9F 77.5F 7J.lF 1.0 82,8F 145. 2F Ill. IF 

u: 1o:oo 24.JK 25.4K 24.3K 2617 F 2231 F 61.8F 29.23 0.3" 1535 F 14Jl F m.IF 118.6F 164.8f 4.5 45.6 59.4K 
500 -6,3P -1.3P a.er 7.JOP 85.5F 87 .4F 77.4F 7l.5F 1.0 94.4F 145,5F IU.lf 

u: u:oo 24.0K 25.4K 24.2K 2574 F 2252 F 61,7F 29.23 0.3H 1541 F 1439 F m.zr m.rr 166.2F s.s 50.3 58.JA 
td 500 ·6.JP ·I,Jf 2.2P 7.36P 96.8F 98. 7f 77.3F 7l.4F 1.0 U5.9F 146.1F m.9F 
I 

"' n:14:oo 2UK 23.4K 24.1K 2514 F 2240 F GUF 29,23 O.JK 1541 F 1444 f m.7r 121. IF 167.7F M 54. I 57.6M 
..... 
\D 500 -6.JP ·I,JP 2.0P I .!UP ue.or n.,r 77.4F 73.5F 1.0 87,JF m.JF m.rr 

u: 16:00 24.0K 25.4K 24.1K 2431 F 2239 F 61.3F 29.23 O. 2" 1544 F 1453 F l4i.Jf 124.4F 167. 9F 9.0 48.3 56.6K 
500 -6.3P -I, JP 0.9P 0.62P 89.0F 90.5F 77,0F 7l.4F 1.0 B8,2f 146. 9F 121.7F 

u: u:oo 24.0K 23.3K 24.1K 2430 F 2246 F 61.2F 29.23 O.JA 1541 F 1453 F 141.2F m.sF 167.8F 8.7 47.7 55.5" 
500 ·6,3P -l.lP 1.2P 0.06P 89.9F 90.9F 76.2F 73.6F 1.0 89.1f 145. 7F m.or •, 

n:zo:oo 2MK 2S.lK 24.1K 2439 F 2243 f· 61.lf 29.23 0.3" 1543 F 1453 F 141.7f m.Jr 169.5f 8.5 47.9 55.0" 

500 -6,JP ·I,JP U.2P U.IOP 90.7F 91. 9F 76.5F 7].6f 1.0 90. 2F 146.8F m.SF 

u:22:oo 24.0K 25,JK 24.1K 2428 F 2254 F 6J,JF 29,23 O.lM 1541 F 14~4 F I41.7F 126,7F 168.8F e.s 47,9 54.4A 

500 -6,3P ·J,JP 0.9P O.UP 91. 9F 9l.IF 75.6F 7l.8F 1.0 91.2F 147.JF 124.1f 

n:H:oo 23.9K 25.2K 24.1K 23~7 F 2246 F 61.4f 29.23 o. 2" 1539 f 1451 f !42. 2F 127.4F 169.4f 8.7 47.7 53. 7A 

500 ·6. JP -I. JP o.sr o.m 9l.IF 94.3F 76, 7F 73. 9F I. 0 92.6F 146.7F 124, 7F 

ll: 1o:oo 2J.9K 25.2K 24.0K 2424 F 2255 F 61.5F 21.23 O. lH 1137 f •n:9f i4l;6F ~~ur uu~ 12~Jr 47.0 57.lK 
500 -6.lP ·I,JP O.lP 0,5SP 94. 3F 95.4F 6.6 . 
n::·~:no ROK 25.2K 24.0K 2419 F 2244 f M.SF 29.23 0.2H ISH F tm r ;4J.If m.sr i70.3f 8.3 47.4 51.'" 
~u~ -6.3P -1.3P O.lP 0.94P ,S.~F %.7F 76.4F 7~.0F J.O 94.9F 145. SF 126. Of 



2 5 ftRC-HOUitO DEUELOPHEH1Rl UR>lE ~fOCESSIIIG SVSIEIIS GLR5S fiJRIIA(E mm C'mOIIE IIIUIIER~IOR 

0021 01 02 OJ 04 05 06 07 09 09 10 II 12 13 14 15 16 
100 --GLASS FURIIACE POUER---1-------------------------------GRS PARAHEIERS-----------·---------------------------------------------1 
200 kU AB KU BC nco tnBI 11 CMBR.T2 AMB l BAR P AIR URn OFGS ll OFGS T2 ~LUG DT HST Ol EXH OT DlUG P UHTR DP AIR RIIB 
JQO ' 
~00 1--------- --GAS PRRRnE TERS C OHI--------1------------•-----ll VVI D PA~AIIE IERS----- -------------------------------1 
soo ---~~----~~~~~~----~~-----~~~-----~~~------------~~J~!--~~-~!'---~~~-~~!-~~~-~!--~~!~-~~.;~~~!-~!-~~~-~!~-!~!-~!~----------------600 

13:Jo:oo 23.6K 25.SK 24.5K 2429 F 2259 F 61,6F 29.23 0.3H IS43 F 1452F 143.1f 128.9F 170.6F 8.7 47.4 . s1.on 
500 -6.3P -l.lP 1.2P I.IOP 96.13F 91. 7F 75.8F 73. 7F 1.0 95. 9F 14S. 5F 126,6F 

n:32:oo 23.6K 25.4K 24.4K 2SOO F 2263 F 61.7F 29.23 o.2n 1543 F 1453 F 113.7F 129.5F 170.BF 8.3 48.0 so.5n 
SOD -6,3P -1,3P 0.7P 1.30P 97 .:7F 98.8F 76.7F 74. SF I. 0 97.0F 146.DF 127. 3F 

n:H:oo 2l.6K 25.4K 24.4K 2443 F 2255 F 62.0F 29.23 O.Jft IS45 F 1454 F 113.8f 130.0F 171.2F 9.0 47.7 4B.BH 
;oo -6,JP -I.JP O.JP 1.50P 98.!8f IOO.OF 76.9F 74.2F 1. 0 98, 2F 146. 3f 127.BF 

n:36:oo 23.6K 25.JK 24.JK 2432 F 2261 F 62.3F 29.13 O.IH 1544 f 1455 F 141.2F IJ0.7F 171.8F 8.3 47.4 4B.m 
tJj 500 -6.3P -I,JP o. 9P 1.74P 99.!8F IOI,OF 77.3F 74.4F I. 0 99.4F 146.SF 128.6F 
I 

lme:oo 23.5K 25.3K 24.3K 2452 F 2265 F 62.4F 29.~3 o. in 1m r 1m F 144.3f IJI,3f 172.1F 7.8 47.9 47.7n "' "' 500 -6.JP -I.JP Q.IP I, UP 100.
1
9F I02.1f 77.4f 74.7f 1.0 100.4F 147,1f 129.0F 

0 

n: 4o:oo 23.5K 25.3K 24.JK 2432 F 2262 F 62.JF 29.23 0.311 1541 F 1156 F 111.5F IJI.7F 172.7F 7.6 47.3 ·17.1H 
500 -6.3P -I, 3P 0.8P 2.18P IOI,]7F 102.9f 77.2F 71.4F 1.0 101,4F 117.6F 129.6F 

13:12:00 23.5K 2S,2K 24.2K 2413 F 2264 F 62.5F 29.23 0.311 IS45 F 1456 F. 115.2F IJ2.2F 173.0F 1.1 47.4 16. 7ft 
500 -6,3P -I. 3P 1.2P 2.06P 102.j5F 103. BF 77.5F 71.6F 1.0 I02,1F 117.0F IJO,OF 

: 
13:11:oo 23.5K 25.2K 24.3K 244~ F 2269 F 62.5F 21,23 0,2n 1545 F 1153 F 115,4F I32.5F 173.1F 7.8 47.8 15.Bn 
500 -6.3P -1.3P ... ., 2,54P I03•1F 101.7F 77,1F 75.DF 1. 0 I03,0F 147,1F 130.IF 

13: 16:00 23.8K 24.9K. 2J.BK 2429 F ·2269 F 62.7F 29,23 O.IH IS41 F 1157 F 145.3f 133.0F 173.8F 7.6 47.2 15.2n 
~00 -6.JP • -1.3P I.OP 2.66P I04.i2F lOS. 5F 77.SF 75.0F I. 0 IOl.9F 117.9F 130.BF 

13:1e:oo 2J.7K 21.9K 2J.8K 2140 F 2268 F 62.9F 29.23 0.3n 154S F 1455 F 115.6F 1Jl.3F 171.1F t.J 17.3 11. sn 
500 -6,3P -1.3P I. 2P l.02P I05.i2F 106. 3F 77.9F 75.2F 1.0 IOI.BF 118.3F IJ1.3F 

13:50: Oli 2J.7k 24.9K 
: 

23.aK 2440 F 2210.F 63,JF 29.23 0.3H IS49 F 1160 f I4S.9f IJ3.8F 171.5F 7.8 17.5 43.Jn 
500 -6.3P -I. 3P I, 5P 3. 54P ID6.1F 107.4f 77.8F 75.5F 1. 0 I05.6F 118. 2F IJI. BF 

n:,2:oo 23.3K 25.1K 24.2K 2144 F 2274 r 63.7F 29.23 O. 2H 15S3 f 1157 F JH.6F IJ4,3F FI.BF uUr 47.2 12.9H 
500 -6,3P -I.JP I.,JP 3. ,,, IO,;j 8F IOB.If 77.3F 75.3F 1.0 I06.6F 48,1F 

I ;:,4:00 2l.l~ n.IK 24.2K 2497 F 2259 F 63.BF 29.23 0.2n IS60 F 1157 F H6.7F 134. 7F 171.9F 7.7 17.1 12.2n 
500 -6.3P -l.lP I. 2P 3.82P I07,JF 108.6F ;e. or 75.6F 1.0 107.2F II8.0F IJ2.7F 



L J nK~·nuunu llt.VtlUt'l1tlllt1l llftJit t'I":U\.t~.)lttlJ ~nttl1;. UlMJJ tt)fotM\t Mlfl' l.l\.lUNt 111'..IIICP'.MIUI\ 

0023 01 02 Ol 04 05 06 . 07 OB 09 10 II 12 13 14 15 16 

100 --GLASS fURIIACE POWER---1----i----- ---------------------GAS PAR All£ THS-- -------- -· --------------- •- ----------------------------1 

200 ~U AI ~U Bt KV to tftBR II tMBR 12 AMB I BAR P RIP OR!I OFGS II DFGS 12 !•LUG 01 MSI 01 EKH 01 DLUG P UHIR DP AIR AH8 

300 
~00 

1-----------GAS PARAAEIERS CONI-----~--1·-----------------LfQUJO FARAHETERS------------------------------------1 

500 02 CDftBUS co C02 HOK HE IHT HE Dl RAO !HI RR~ 01 lSIC PH SUB II OLG ~IH Uti! RIH 

,00 ---------------~-----------------~-----------------------------------------------·----------------------------------------------

13:56:00 2J.3K 2~.1K 24.2K 2434 F 2270 F 6l.7F 29.23 0.2H 1567 F 1469 f o47.1F m.1r 175.2F 7.9 46.9 41. SK 

500 -6.3P -I. JP 1.1 p 3.HP 107, 9F I09.0F 78,4F 75.BF 1.0 I07.6F 149.2F m.IF 

n:se:oo 23.3K 25.0K 24.2K 24J3 F 2280 f n. 7F 29.23 o.JH 156J r 1461 f i47 .IF m.4r m.4r 7.5 47.2 41.1" 

500 ·6,3P -1. JP I. 4P J.58P I09.2F I09.6F 79,0F 75.7F 1.0 lOB. If 148. OF m.sr 

H:oo:oo 23.JK 25.0K 24.2K 1428 F 2273 f 63.9F 29.23 O.JH 1566 F 1467 F •47. JF m.sr 175. 7f 7.2 47.1 40.4H 

500 -&.JP ·I. JP I. 5F 3.5BP 109.0F 110. 3f 78.1F 75.6F 1.0 108,7f 149,8F UMF 

u:oz:oo 23.2K 25.0K 24.1K 2496 F 2269 F 63.8F 29.23 0. JH 1562 F 1464 F i47.7F m.or m.1r e.o 47.1 39.5K 

. 500 ·&.3P -I. 3P 1.2P J.78P . 109. 7F 110.8F 79.4F 75. 7F 1.0 I09.JF 149. 2f m.9F 

tJj 11:o4:oo 23.2K 24.9K 24.1K 2443 F 2277 F 64,1F 29.23 0.2H 1565 F 1465 F 147.BF 136.1F 176. 4F 7.3 46.8 J&.9n 
I 

"' 500 ·S.JP ·l.lP 1.4P 4,02P 110.2f 111. Sf 79.JF 75.8F I. 0 109.8F I50.2F 134.1F 
N 
..... 14:os:oo 23,2K 25,0K 24.1K 2454 f 2269 F 64,0F 29.23 . 0. J" 1565 F 1470 F 147.7F m.sr 876. 7F 1.6 46.8 JO.SH 

500 -6.3P -I. Jf I. 5P M8P IIO.JF 111.8F 78.4F 76.1F 1.0 110. 4F 14MF 134.5f 

14:oe:oo 23.1K 24.9K 24.0K 2455 F 2277 F 64.1F 29.23 O. 2" 1567 F 1467 F 148.0F m.rr m.ur 7.5 46.9 J7,7H 

500 ·6.3P ·I, 3P !. JP 4.m 110.9F m.2r 71.7F 76.0F u.o 110. Bf J49,6f m.er 

14: 1o:oo 23.1K 24.9K 24.1K 2458 F 2279 F 64.1F 29,23 O.JH 1565 F 1465 r 147.9F IJ6, 8F 177. 4F 7.6 46.9 l6.9H 

500 ·6,JP •I, JP I.SP 4.50P 110.8F m.JF 78.6F 75.7F I. 0 III.!F 149.8F 134. 9F 

14: u:oo 2l.IK 24,9K 24.0K 2496 F 2282 F 63.8F 29.23 O. 2" 1567 F 1467 F 148.1F m.9r m.rr 8.4 46.8 36.6H 

500 ·6.3P -I. 3P 1. 7P 4.52P 110. SF m.oF 78.6F 75.?F •• 0 JII,OF J49,5F IJ5,0F 

u: 14:00 23.1K 24.9K 24.0K · 2468 F 2278 F 63.7F 29.23 0.2ft 1564 F 1470 F 147.8F m.er 177.9F 7.4 46.9 J5.5ft 

500 -6.3P ·I. JP 1. 5P 4.52P IIO.JF 111.6F 78.JF 75.6F 1.0 liD. 6F 149.6F m.oF 

14:16:00 ll.IK 24.8K 24.0K 2462 F 2275 F n.er 29.23 0.2" 1569 F 1466 f W.7F m.sr m.or 6.6 46.6 34.8H 

500 -6.3P -I. lP I. 8P 4.66P IIO.SF 111.9f 78,0F 75.BF 1.0 110. 6F 149. 7F 13Uf 

14:1a:oo 2l.IK 24.8K 24.0K 2506 f 2283 F 64.0F lib~~F uU~ ~~,~Jf 11l?.f 14f:3F llfi:lf II,:Sf IJ{:ir 46.8 JJ.9ft 

500 ·6. JP -l.lP I. SP 4.1lP 

14:2o:oo 2J.IK 24. 7K 2l.9K 2~6l F 22BO F 64.0F 21.23 0. 2" 1561 F 1468 F l47, 9F m.er 178.6f 7.1 46.0 33. 2" 

500 -6.JP -I. JP 1.9P 4. 76P IO~.~F Ill. ~F 77. 9F i5.5F 1.0 110. SF m.sr 134.9F 



.. 

• J 111\t.·nuunv llt'JtlUrUtlltHL l.fn.llt r PUI,..t.:'l:lii1U Jf.Jttll:. ut..n.:J.:.o '' •JI'.IIn\.t nut• •# ll.LUI1t 1111.. ''''-"·''' ""' 
002l 01 02 OJ 04 05 06 07 00 09 10 II 12 ll 14 15 16 
100 --GLASS FURHACE POVER---1·--------------------------•---G~S PARAitETERS---------------------------------------------------------1 
200 ~U AB kU BC kU co CHBR II CHBR 12 AIIB I FAR P AIR 0~." OFGS II OFGS Tl ~·LUG 01 HSI 01 EXH 01 DLUG P UHTR DP AIR AHB 
JOO 
400 1·----······GAS PftRAftETERS tO HI ········1·-··------·-·-----LIQUiiD PARAiiE IERS----------·-·······-·----------·····1 
500 02 COHBUS co C02 HOX HE lifT HE ori RAO 1111 RAt• 01 ,;sTC PH SCRB IT OLG RIH VIII RIH ·. 
600 --------------------------------------------------------------~------------------·----------------------------------------------

14:22:00 23.0k 24.7i< 24.0K 2501 F 2281 F 64,0F 29.23 0. 2H 1569 F 1465 F !47. 9F 136.7F 178.7F 7.5 47.0 ll.OH 
500 ·6,3P ·I. 3P I. 6P 4. 72P I09i6F 110. sr 79,3F 75.9F I. 0 IIO.IF 149. SF 134.9F 

u: 24:00 2l,Ok 24.7K 24.~ 2470 F 2289 F 64,0F 29.23 o.zn 1569 F 1469 F ~47.9F ll6.6F 178.9F 7.0 47.2 li.9H 
500 ·6.3P -J.JP J.4P 4.64P I09.IOF I09.7f 78. JF 76.2F 1.0 109.7F 149.5F IJ4.8F 

H:z6:oo 23.0k 24.7K 24.0~ 2476 F 2297 F 64.5F 29.23 0. lit 1570 F 1471 F •47.8F ll6.5F 179. 2F 6.9 46.8 J0.7H 
500 -6.JP ·I,JP I. 2P 4.52P 109.•6F 109.2F 78.6F 76.1F 1.0 I09.3F 150.JF ll4.BF 

H:ze:oo 23.0k 24.BK 24.0K 2477 F 2286 F 64.8F 29.23 o.2n mo r 1467 F :47.6F ll6.2F 179.4F 7.4 47.0 l0.5H 
500 .,,3, ·l.lP J.6P 4.m I07i8F 108.2f 78.2F 76.JF •• 0 I09.6F 149. BF 134, SF 

tJj H:Jo:oo 23.0k 24.9K 24.0K 2505 F 2296 F 64.9F 29.23 o.m 1571 r 1473 F !47.7F m.7r 179.JF 7 .I 46.9 29.8H I 500 -o . ., ·J,JP J, 7P 5.64P 10614F 107.0f 79. 7F 76.0F J,O 107, 7F 149.9F tl4.1F "' "' "' t4:JZ:oo 23.3K 24.5K 23.4K 2488 F 2295 F 64. 7F 29.23 0.2H 1573 F 1470 F 147.1F 135.4F 179.4F 7.2 46.9 29.3H 
500 ·O.IP 0,2P 2.2P ,,60P 105HF 105. 9f 78.5F 76.1F J,O 106,8F 149.2F 13J.8F 

14:H:oo 23,2K 24.4K 23.4K 2466 F 2289 F . 64.7F 29.23 0.3" 1574 F 1475 F 147, 2F 134. 9F 179.5F 7.2 46,9 28.9" 
500 -o." 0.2P I." ,,m IOMF 104.8f 70.4F 76.JF 1.0 105.7F 149.0F 133. 4F 

14: J6:oo 23.2k 24.4K 23.4K 2458 F 2293 F 64.9F 29.23 0. 2" 1570 F 1472 F 146.6F IJ4.5F 179.6F 7.9 47.2 27.9H 
500 ·O.IP 0.2P J.OP ,.54P I03i3F 103.8F 78. 7F 75.9F 1.0 104.8F 149. 4F m.er 
14:1a:oo 2l.2K 24.4K 2l.4K 2567 F 2290 F 64.7F 29,:!3 O. 2H 1572 F 1473 F 146. 4F 134.0F 179.8F 7.0 47.1 27.5H 
500 ·O.IP o.zr 2.5P ,,m 102i6F 103.1F 78.4F 76.0F I. 0 IOl.9F 149. 2F IJ2.4F 

H:4o:oo 23.1k 24.4K 23.4K 2471 F 2297 F 64.7F 29.~3 0. 2" 1572 F 1473 F 146.2F 133.7F 179.8r 7. 5 47.0 26.6" 
500 ·O.IP 0.3P 2.1P ,,54P I02,3F 102.4F 78.9F 76. 2F 1.0 IOJ.IF 148. 6F 132, IF 

I 

14:42:00 23.1K 24.4K 23.4K 2463 F 2284 F "·OF H.ll 0.2" 1570 F 1472 F 145.7F IJJ.4F 179.7F 7 .I 46.8 2UH 
500 O.OP O.JP 2.JP ,,52P I 01. 7F 102.1F 11. 9F 76.3F 1.0 I02.6F 148.6F IJI, 8F 

14:H:oo 23.0K 24.4K 23.4~ 2447 F 2290 F 65,2F 29.23 o;z~ 1571 r 1472 r 146.0F IJJ. ~F n~r 7.6 46.8 25, 7" 
500 O.OP o.JP I. 9P 6.49P IOJ;5F 101.9F 78.4F 76.6F 1.0 02. F 4 . F IJI, 4F 

u:•.;:oo 23.0K 24.3K 2J.4Y. 2461 F 2293 F 65.2F 29.2l O.IH 1573 F 1474 F ~45.6F m.er 179.9F 6.9 47.1 24. 7" 
500 O.OP o.JP 2. 4P 6.46P 101, 2F 102.0F i9.SF 76.7F 1.0 I02.2F 148.1F ll1.3F 



2 5 nRC-nDUHD OEOELDPHEIIIAL IJASIE PRDtESSIHG SYSIEifS 6L~>S FURI!ACE fotl~ l'/Cl@E I~WIEHHDR 
0021 01 02 OJ 04 05 06 07 09 09 10 II 12 ll 14 15 16 
100 ··GlASS FURHACE POWER···I····--··--···---·------·-------GAS PARAHEIERS---------------------------------------------------------1 
lOO KU,AB KU DC U CD CftBR II tnBR 12 RnB T BAR P AIR D~n OFGS II DFGS 12 "lUG 01 ftSI 01 EXH 01 DLUG P UHIR·DP AIR AHB 
lOO 
400 1-----------GAS PARAK£1ERS tOHT--------1------------------LIQUID PRRAHEIERS------·---------------------------·-1 
500 02 CDMBUS co C02 HDK HE !HI HE DT RAO !HI RAP 01 ~SIC PH SCRB IT DLG RIH VHI RIN 
60Q -~--··--------------------------------------------------------~-----------------------------------------------------------···-·· I 
14:4e:oo , 2l.OK 24.JK 23.5K 2458 F 22&9 f 65,2F 29.23 o.m 1571 F 1474 F !45.1f 132.7F m.9r 7.9 47. I 24.1" 
soo O.OP O.JP 2.3P 6.50P IOJ.lF 102.1F 79.5F 76.6F 1.0 101,6F 148,4F Jli,IF 

u:so:oo 2l.OK 24.JK 23.4K 2532 F 2294 F 65.2F 29.23 O.IM 1570 F 11~9 F l45.5F 132.6F 17MF 9.2 47.2 2], '" 
500 O.OP o.JP MP 6.48P 101.7F 102.2F 79.JF 76.5F 1.0 102.1F 148.4f IJI,IF 

• 
14:52:00 23.0K 24.JK 2J.5K 2483 F 2294 f 65.4F 29.23 0. JM 1561 F 1472 F ;4S.SF m.er reo.Jr 7.3 47.2 zun 
500 O.OP 0.2P 2.8P 6.46P 102,0F I OJ. OF 19.1F 76.8f 1.0 I02,2F 147, 9F m.2r 

14:H:oo 23.0K 24.JK 2J.5K 2459 F 2290 F 65.5F 29.23 O. 2H 1564 F 1471 F 146. 3F m.or uo.zr 7.6 47.2 23.2H 
500 -O.IP O.JP 2.4P 6.44P I02.Jf 10l.9F 19.1F 76. 9f 1.0 102.6F 149. 7F m.2r 

to 14:56:00 23;1K 24.2K 2J.SK 2460 F 2288 F 65.6F 29.23 0. 2M 1564 F 1411 F 146.1f m.2F 180.6F 7.7 47.4 22. '" 
I ' 500 O,OP O.JP 2.2f i.44P 102.6F IOJ.7f 79.JF 77 ,OF 1.0 I03.2f 148.8F m.sr 
"'r "' ' wl l4:se:oo 23.0K 24.JK 2J.JK 248l f 2291 F 65.1F 29.23 o.2M 1564 F 1470 F 146.1F IJ],JF 180.5F 7.4 47.2 21. '" 

500 O.OP O.lP MP 6.44P 102.5F 103.6F 79.1F 76.2F 1.0 IOJ.JF 148.8F m.u 
u:oo:oo 23.0K 24.JK 23.4K 2457 F 2286 F 65.0F 29.23 o.1n 1564 r 1472 F l46.0f m.JF JB0.6F 7.6 46,8 21.3" 
500 O.OP 0.3P 2,7P 6.44P 10l.2F 104.2F 78. 7F 76,JF 1.0 IOl.lf 148, 6F 131. BF 

n:oz:oo 22.6K 24,5K 23.9K 2492 F 2294 F 64.9f 29.23 O.IN 1565 F 1470 F 146.0F m.Gr 190.9F 7.3 46.9 21. 3" 
500 O.OP 0.3P 3.4P s.m IOJ.7F 104.9F 79,1F 76.4F 1.0 104.1F 148,5F m.er 

15:04:00 22.6K 24.4K 23.9K 2473 F 2294 F 64.9F 29.2l 0.2K 1564 F 1470 F m.ur m.n lBO. 7F 7.7 47 .I 20.7" 
50G O.OP O.lP J.IP '·'" 104,6F 105.5F 79.5f 76.6F I. 0 104.2F 148.6F m.zr 
15:06:00 22.6K 24.4K 23.6K 2486 F 2297 f 65.0F 29.23 0. 2" 1564 F 1169 F ;46.9F U4.1F 181. OF 7.S 46.9 20.4" 
500 O.OP O.JP J,OP •• 48P 104.9F I06.1F 79.7F n.Jr 1.0 105,0F 149.1F m.4F 

n:oo:oo 22.6K 24.4K 23.6K 2471 F 2236 F 65.0F 29.23 o.m 1562 F 1471 F ~46.2F m.Jr 181.4F 7.4 47.4 20.1K 
500 o.or 0.3P J,IP 6.50P 105.4F 106.4f 79.7f i6.9f 1.0 105.JF 148.9f m.1r 

1s: ao:oo 22.6K 24.4K 23.8K 2502 F 2299 F £5.0F 29~23 o.~" 156J r 1~70 f i4f:BF ld~:~f lfj:1f lsi:3r 
47.5 19.8" 

500 O.OP O.JP a., 6. 46P 10 .7F 1~6. F 79.JF 7.0 

·~: 12:0~ 12.5K 24.4k 2J.?K 2501 F 2293 F 65.1F 29.23 0. ~" 1562 F 1468 F '46.1F m.rr 182. OF 7.8 47 .I 19.Jn 
500 O.OP o.JP J.2P 6.54P I06.1F IOI.JF i9.4F 76. OF 1.0 106,7F 149. 4F m.IF 



l ) "N~-"UUHP Ut1JtLUPIItHIHL UH>It P~UU~~IItb ~Y~ItN~ \JlHi~ t lJMttf1t.~ 1111l' t.'(l.lUitt IIU.Iflt.HI11 U~ 
002] 01 02 OJ 04 05 06 07 08 09 10 II 12 ll 14 15 16 
100 --GLASS FURHACE PDVER---,-----------------------------•-GRS PRRAIIEIERS---------------------------------------------------------i 
200 kU AB KV Bt kV CD tNBR II fHBR 12 ANB r BAR P AIR URn DFGS Tl DFGS rz ~LliG 01 HST or EXH 01 PLUG P UHIR PP AIR AHB 
lOO 
400 1-----------GAS PARANEIERS CDHI--------,------------------LIOUI~ PR~RHEIERS------ -----------------------------1 
500 02 COHBUS CD C02 HDK HE IHI HE or ' RAP IN! RAD Dr rsrt PH SCRB IT DLG RIH UHr RIH 
600 .......................................................................................................................................... ; ..................................................................................................................................... 
15:14:00 22,5K 24.4K 23.9K 2511 F 2292 F 6MF 29.23, 0.2" 1565 F 1470 F :47 .IF m.er 181. 4F 7.7 47.5 IB.BH 
500 o.oP O,JP J.2P l. 50P 106,7F 107, 7F 79.7F 77 .IF 1.0 106. 7F I49.BF 133.2F 

15: 16:oo 22.5K . 24.4K 23.7k 2486 F 2294 f 65.8F 29. 2l 0. 2N 1563 F 1470 F :46.9F m.2F 181.7F 7.5 47.0 lB. IN 
500 O,OP O.JP J,, ,,,., 107. 3F 108.5f 79.7f 77.1f 1.0 . I07.4F 149.2F, 133,5f 

15:18:00 22.5K 24.4K 23.6K 2497 F 2297 F 65,9F 29.23; 0. 2N 1561 F 1467 F 146.9F m.2r IBI. 6f 6.9 47.1 17.5" 500 O.OP O.JP J.JP 6.56P 107.8f I08.6F 79.0f 76.8f I. 0 108.0F 149.6f l33.9f 

15:2o:oo 22.5K 24.4K 23.7k 2493 F 2287 F 65.8f 27.23 o.zn 1563 r 1469 f ;47.2F IJ5.6F 181. 9f 7. 5 47.4 17.3H 
tJ:j 500 O.OP O.JP J.7P 6.56P 107.BF 109.0F 79.1f '76.7F I. 0 I08.2F 149.1f m.or 
I 

1s:n:oo ".SF 29.23 "' 2l.OK 24.1K 23.3k 2492 F 2295 F 0.2" 1562 F 1473 f ; 47, 2F ll5.6F 181. Bf 6.9 47.0 16.8N 
"' 500 O.OP O.JP UP 6.54P 107,8F 109.0F 79.3F 76.6F I. 0 I 08. 4F m.IF 134. OF ... 

u:H:oo 23.0K 24.1K 23.3K 2485 F 2298 F ".IF 29,23 0.2" 1562 F 1467 F 147. 2F m.Bf 182.0F 7.5 47.0 16.5n 
500 O.OP 0.3P 3.8P 6.52P I07.6F I09.0F 78.9F 76.3F 1.0 I08.4F 149.3F IJ4.1F 

15:26:00 23.0K 24.0K 23.3K 2503 F 2287 F 64.7F 29.23 0.2" 1560 F 1467 F 147.2F IJ5,6F 182.1F 7.5 47.0 16.4" 
! ' 

500 O.OP O.JP J.4P 6.52P 107,7F 109.0F 78.9F 76.5F 1.0 l08,2f 149.9F IJ4.0F 

15: 2e:oo 22.9K 24.0K 2J.JK 2499 F 2290 F 64.7F 29.23, 0.1" 1561 F 1470 F. 147.2F JJ5.7F 182.4F 6.7 46.7 16.1" 
500 O,OP O.JP J.ZP 6.54P 107.9F 109,2F 79.tf 76.4F 1.0 I08.3F 149.1F 134.0F 
15: Jo:oo 23.0k 24.1K 23.JK 2512 F 2306 F 64. 7F 29.23 0.1" 1561 F 1471 r 147.2F m.er 182. 3f 6.8 46.9 n.a" 
500 O.OP O.JP J.5P 6.52P I08.3F I09.5f i8.7F 77.0F 1.0 108.4F 149.8F l33.9F 

15:32:00 23.0K 24.1K 23.Jf. 2494 F 2292 F 64.9F 29.23 0.2" 1560 F 1469 f 147.2F IJ5.9F 182.5f 6.9 46.8 n.J" 
500 O.OP O.JP UP 6.50P 108.9~ 109.8F t 79.6F 77.0F 1. 0 108.9F 149.7F IJ4.1F 

\ 
1~:H:oo 22.9K 24.0K 2.l,JK 2514 f 2299 F 64.8F 29.23 o.2n 1561 r 1466 f !47.3F m.2r 182. 6F 7.5 47.2 n.IN 
500 O.OP O.JP UP 6.54P 108. 7F IJO.Of 79.0F 76.6F 1.0 109. 2F 149. BF IJ4.5F 

1s:J,;:oo 2l,OK 24.0K 23.JK 2489 f 2301 F 64.4F 21.23~ 0.2" mer 1469 f ;47.2F m:~~ m:~~ n\:lr 46.9 14.8" 
500 O.OP 0.3P . 3, 7P UOP 108.6 IJO.OF 79.0f 76.3F 1.0 

' 1s: n:oo H.9K 24.0K 23.3K 2497 F 2291 F 64.2F 29.23 0. 2N 1560 F 1467 F i47.5F 136.1F 182.8F 7.3 46.6 u.2n 
sou o.oP O.JP l., 6.51P 108.9F IOUF 78.8F 76.Jf 1.0 109.2F 149.4F 134. 4F 



2 5 HRC-HDUHO DEVHOPHEHIAL IJASTE P~DCESSII!G SVSTEIIS GlASS FURIIACE AHP C'ICLDIIE IHWIERAIOR 
002! 01 02 OJ 04 05 06 07 08 09 10 II 12 ll 14 15 16 
100 --GlASS FURHACE PDYER---1-------------------------------GAS PARAHETERS---------------------------------------------------------1 
200 KV AB kU DC nco tnBR II CMBR 12 AHB I BAR P AIR DRH DFGS II OFGS 12 ~l!IG 01 HSI 01 EXH 01 DLUG P UNIR DP AIR RIID 
JOO 
40~ 1···--------GAS PARAn£1£RS COHJ,-------1------------------LIQUIO PA~RHETERS------·-----------------------------1 
500 02 cuneus co C02 HDX HE IHI HE Dl RAP IHI RAO Ol £51C PH StRB IT OLG RIH ONI RIH 
600 -••••-•*•-•••-•••••~••••••••••••••••••••••••••••••••••••••••••••••--•••••••••••••••••••••••••••-••••••---•--•--••m--•-----------

·as:4o:oo 22.BK 24.0K 2J.Jt< 2491 F 2294 f 64,1F 29.23 0.1n1 1560 F 1469 f 147.4f IJ6.2F 182,8F 7.0 46.9 14.1" 
500 O.OP o.JP 4.1P 6.56P 109.1F 110, 2F 79,6f 76.2F I. 0 109,1F 149.7f IJ4,4F 

15:42:00 22,8K 24.0K 2J.Jt< 2502 F 2300 F 64.1f 29, 2l 0.2K 1561 f 1465 f 147.2F IJ6.1F 182.7F 7 ,J 46.9 14. 1ft 

500 O.OP O.lP 4.0P £,SIP 109, 2F 010, 2F 77,8F 76.2f J, 0 109.SF 149.8F 134,6F 

as:H:oo 22,8K 2MK 2J.3k 2514 F 2299 f 64,0F 29,23 O.IK 1559 F 1470 F 147.5F IJ6,4f 182.9F 6.8 46.9 13.8" 
500 O.OP O.JP J.9P G.S8P 109.JF IIO.SF 78.5F 75.8F 1.0 109.7F 150.0F JJ4,7F 

n:•s:oo 23.0K 24,0K 2l.JK 2093 F 2163 F U.8F 29,23 O.ln 1451 F IJ93 F 142.1F IJ4.JF IBJ.OF 7.7 45.9 U.IH 

500 O.OP O,JP 4,4P s.m 109.1F IIO.JF 78.1F 75.7F 1. 0 I09.7F 145. 7F 13J,IF 
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b!: I : OO ~!;J~:::~r~~m-~8~~m(~§f~t~J!:;~~~=~~==m~~=~~~~~;:=~~!~: u~~,h~!t'(''';~~~=nt~a'':'~J~;~ j=nt;nB=~:~~j!i=~~:~ ;~~ =~ ;~~~~~ 
t~a:mg ~l:il ~:u ~Ul ~;M ~n ~ :;:~~ ~Ji;if ;l::i~ :maJ :maJ m:i~ liUJ UUJ uJ:if :u ~u~ 
•• 

2 ' NRC·NOUHO OEUELDP"EHTAL VASTE PROCESSING SYSTEKS GlASS FURIIACE RHO CYtlOHE IHCIHERATOR 
0024 OJ 01 OJ 04 0' 06 i07 08 09 10 II 12 U 14 15 16 
100 ··GLASS FURHACE PDVER-··1··--·-···-···············•·····GAS PARANETERS·······················-·································1 
200 ~U AI kU IC ~U CO tft81 Tl tftBR 12 A"B T BA. P AIR ORH OFGS II OFGS 12 DlUG 01 nST 01 EXH 01 DlUG P. UIITR DP AIR AHB 
JQO 
400 1·----------GAS PAR Am US tONI···· ····1··--·-····•·······ll OU I 0 PARAilEIERS··- -----··-·····-··-· -······ ···-····1 
500 02 tOftBUS CO C02 HOK HE IHI HE DT RA~ IHT RAO 01 CSit PH SCRB II OlG RIH UHI IIH 
600 ---------------·--·--·--·-·····------···--····--·-"·····-------··········------·-----···········------··-·----·---------------·-
10:47:00 24,4K 2,,8K 
500 O.OP O.JP 

i 
24.7K 2485 F 2024 F l5.4F 2,,95 0'.3K 1503 F 1435 F 153.3F J27,5F 171.8F 7.0 
O.JP 4,78P 97.5F IOhOF 81.9F 77.9F 1.0 96,0F 150.1F 126,0F 

44.5 50. 9ft 



2 5 HRC-RDUHD DEVHOPMEHTAl IJASTE PRDtESSIHG SVSIEilj 
0024 01 02 03 04 05 06 0 

GLASS FUR HAC£ AH~ C'IHDHE Wt IIIERAIOR 
09 09 10 II 12 IJ 14 15 u 

100 ·-GLASS FURHACE POWER---1----------------- --------------GAS PARAHE IERS--- -------- · ·------------------------------.--------------1 

200 KU AU KU DC KU tD C"BR II CHSR T~ AMB I OAR P AIR DR" DfGS II DFGS U OLUG 01 MSI DT EXH DT DLU6 P UNTR DP AIR RIIB 
JOO . . I '400 1-----------GAS PARAKEIERS fDNI--------1------------------LIOU PA~AIIETERS------------------------------------1 

500 02 CDMBUS CD C02 HDX HE IHI HE 01 RAP IHI RAO 01 CSIC PH SCRD II DLG RTH UHI RIH 
600 ~------·------------------------------------------------------ ----------------------------------------------------------------
to:49:oo 24.4K 25.9K 24.7K 2497 F 2034 F 65.JF 28.95 o.J" vso4 r 1434 F 1~9. Jf 128.5F m.4r 7.3 44.5 19.7H 
500 @.OP O.JP -O.IP UOP 99.0F I02.4F 92.JF 77. 7F 1.0 97.7F ISO.BF 127.1F 

' IO:SJ:oo 24.4K 25.9K 24.8K 2555 F 2036 F 65.JF 28.95 0. 2" 1505 F 1430 F l49.0f m.2r 172. 9F 7.2 43.8 49.4K 
500 o.or O.JP O.JP •• 76P IOO.SF IOJ.2F 82.JF 77.7F 1.0 99.Jf 150.7F 127. 9F 

ao:u:oo 24.JK 26.0K 24.9K 2501 F 2034 F 65.6F 28.95 o.J" 1504 r 1431 f 151. OF m.9F m.JF 6.9 44.4 48.4H 
500 O.OP O.JP O.OP 4.80P 101.7F 104.1F 82. JF 77.8f 1.0 IOD.8f 150. 7F m.7r 

1o:ss:oo 24.JK 2MK 24.8K 2540 F 2023 F 65. 31' 29.95 0.3M 1501 F 1436 F IS5.2F no. sF 17J,7F 6.5 44.4 47. 2" 
•500 O.OP O.lP @, IP 4.78P IOZ.SF 105.0F 81. 9F 77. SF o.o 101.9f m.or m.JF 

tJj 
I to:s7:oo 24.JK 26.0K 24.9K 250J F 2029 f 65.6f 28.9$ 0. J" 1501 F 1433 F 167. 9F IJI, IF 174.JF 6.6 44.2 46.2ft 

"' 500 o.or O.JP O.JP 4.80P I OJ. 8F 105.8F 82.2F n.er - 1.0 10l.2F 150,6F 130. OF 
w 
1-' 

1o:s9:oo 24.JK 26.0K 24.DK 2542 F 2026 F 6S,7F 29.95 O. JA 1504 f 1432 F 1sz.1r m.sr 174.8f 7.6 44.2 45.8H 
'500 O.OP O.JP -O.IP UOP 104.7F 106.6F U.OF 77.7F I. 0 I04.1F 15J,IF m.&r 

u:o1:oo 24.JK 26.0K 24.8K 2513 F 2027 F 65.6F 28.95 0. 2" 1507 F 1435 F 150.6F 132.2F m.4F 6.5 43.9 45.1n 
500 O.OP 0.4P 0.4P UIP 105.6F 107.5F 81.2F 77.7F 1.0 lOS. IF 15J,JF Ill. 2F 

u:oJ:oo 24.3K 25.9K 24.9K 2499 F 2024 f 65.:1F 29,, O.JM 1504 F 1436 F 1~9.6F m.7r m.or 6.6 44.3 4J.7n 
500 O.OP 0.4P 0.2P 4. 86P 106,6F 108.5F 92.4F 77.8F 1.0 106.0F 151. SF IJI, 7F 

11:os:oo · 24.2K 25.9K 24.9K 2427 F 2032 F • 64.8F 29.~5 o. J" 1501 f 1434 f 1~0.9F m.1r m.er 7.8 40.9 43. JR 

500 @,OP 0.4P 0. JP UOP I07.4F 109. JF 82.JF 77.9F I. 0 I06.9F 151. SF m.2r 

u:or:oo 24.4K 25, 7K 24.7K 2438 F 20ll F t4.JF 28,95 o.zn 1soe F 1437 F 1nsr m.or 177.3F 7.5 41.0 .42.6H 
500 O.DP 0,4P O.BP 4. ,., IOB.2F IIO.Of B2.0f 77. 9F 1.0 107,6F 152.1F m.9F 

u:o9:oo 24.4K 25. 7K 24.7K 2486 F 2042 F 64.1F 29.95 O.Jn 1510 F 14JO F 101. IF m.1r m.ar 7.6 41.0 41.6R 
500 G.OP 0.4P 0.4P 4.94P 108.9F 110. 7F 92.0F 77.9F 1. 0 I09.4F 152.3F 134.5F 

11:11:00 24.JK 25.7K 24.7K 2456 F 2036 F 64.4F 29.95 0. 2M 1507 F 14J7 F 1~2.1F m.9F 179.4F 7.5 40.6 41.2M 
500 O.OP 0,4P o.JP 4.96P 109.7F Ill. SF 91. 9F 78.1f 1.0 109. 4F 151.5f m.or 

11: n:oo 24.JK 25.BK 24.7K 2480 F 2029 F 65,1F 29.95 0.2M 1510 F 1439 f !dO. JF 136. JF 179. OF 7.7 40.8 J9.9n 
500 O.OP 0.4P 0.6P 4. 92P 110.5F 112. 2F 92, 2F 19.0F 1.0 IIO.IF 152.7F m.Jr 



2 5 nRC-ftDUHD OE1JELDPIIEHIAl IIASIE PRDtESSIHG SVSIEMS GLASS FURHAtE AHt• t'I(LD~E IHtlllERRIOR 
0024 01 Ol Ol 04 05 06 07 08 09 10 II 12 ll 14 Is 16 
100 --GLASS FURHACE PDVER---t------------------1-------"----GAS PARAIIEIERS----------·--------,----------------"--------------------1 
200 KV AB KU BC KV CO U9R II tn~R 12 AnD 1 BAR! P AIR QRn OFGS 11 DFGS 12 9LUG 01 ftSI Dl EXH Dl DLUG P UHIR DP AIR AIIB 
300 
400 1-----------GAS PARAnEIUS tOHI--------1------------------LIQUID PRRAilEIHS------·-----------------------------1 
500 02 COnBUS CD C02 HOX HEi IHI HE 01 RA~ IHI RA~ 01 ~SIC PH SCRB IT DLG RIH UHI R1H 
600 ------------------------------------------------------------~-------------------------------------------------------------------

11:15:oo 24.3K 25.9K 24.8K 2449 F 2031 F 65. 4F 29!, 95 0~3n 1510 F 1439 F 182.4F I36.6F 179.4F 7.4 40.7 39.on 
500 O.OP 0.4P 0.2P 4.99P JII,2F 112i9F 91. 9F 79.0F 1.0 110. 7F 152.6F IJ5.7F 

I 11:17:00 24.3K 25.8K 24.8K 2477 F 2038 F 65.7F 28~95 o;3n Ul4 F 1442 f 164. 6F IJ7,1f IBO.OF 7.6 40.5 39.4n 
' 500 O.OP· 0.4P MP 4.!4P JII,9F 113.7F · B2.5F 7B.OF I. 0 IJI,4F 152.9F 136.1F 

11: 19:oo 24.3K 2'-SK 24.8K 2496 F ~039 F 65,2F 20~95 odn 1512 r 1437 F 181.4F IJ7, 4F IB0.4F 7.5 40.7 J7.on 
500 O.OP 0.4P 0.3P s.oor . JI~.JF JI4.1F 82.0F 77. 9F 1.0 ll2.0F I 53. IF 136. 4F 

'• 
11:21:00 24.2K 25.8K 24.8K 2491 F 2031 F 64.8F 2e.95 0. 2n 1514 F 1440 F 171. 7F m.7r IBI.OF 7,3 40.2 · J6.4n 
500 . O.OP 0,4P I.OP 4,t4P IU.8F JI4.!8F 82.1F 78.0F I. 0 112.6F 153.1F 136. 7F 

tJj 
11:2J:oo 24.lK 25.8K 24.8K 25ll F 2024 F 64,5F 28L95 Mn 1513 F I 14]9 f 180, JF 137.BF IBI.Jf 6.8 40.4 35.4n 

"' ' w 500 O.OP 0,4P 1.2P 4.92P Ill. 4F 115.,2F 81.7F 78.0F 1.0 m.or 152.9F IJ6.8F 

"' 11:2s:oo 24.2K 25.9K 24.8K 250J F 2032 F 64.9F 2a.95 o •. 2n 1510 r 14]9 f 178 •. 4F m.or 181. 8F 7.5 40.6 J4.9n 
500 O.OP 0,4P I,OP 4.90P IU.9F JI5.8F 82.4F 78.2F 1.0 113.6F 153, IF t37.1F 

11:27:00 24.1K 25.8K 24.9K 2518 F 2029 F 65.1F 28;95 O.!Jn 1511 F 1442 F 185. 7F ll8.6F 182. 4F 7.6 40.5 34.3n 
500 O.OP O.IP 0.8P '· "' I U.5F 116.6F 82. 2F 79.JF 1.0 114.2F 153.4F 131. SF 

11:29:00 24.2K 25.9K 24.9K 2521 F 2040 F 65,2F 28~95 Mn 1514 F 1442 F 179.5F IJ9.9F 192.8F 7. 7 39.5 ·n.4" 
500 O.OP 0.4P J,IP 5.0lP IJ4.9F 116.;9F 82.7F 78.JF 1.0 114.7F 153.JF 137. 7F 

11:31:oo 24.1K 25.7K 24.8~ 2437 F 2029 F 65.1F 29,95 0 •. 3" 1511 F 1441 F I 86. IF IJMF 18J.5F 8.3 37.5 3Z.7n 
500 O.OP D.IP o.er 4.!6P 115.1F 116.!9F 91.5F 79.JF 1.0 m.IF 15J.4F IJ8,6F 

11:3J:oo 24.2K 25.8K 24.8K 2481 F 2033 F 64, 7F 28~ 95 o.2n 1512 F 1440 F 193. lF m.7r I83.9F 8.0 37.5 Jl. en 
500 O.OP O.IP I.IP 4. 91P II~. 3F 117.1F 92,JF 79.JF 1.0 115.JF 153. 7F IJ9.9F 

11:3s:oo 24.2K 25.8K 24.UK 2505 F 20~1 F 64.3F 28i. 95 o.Jn 1509 F 1419 r 181, 2F m.7F 184.2F 8.2 37.5 30. 7" 
500 O.OP 0.4P I.OP 4.,0P 115.7F 117.5F 91. 9F i8.1F 1.0 115.5F 153.6F 138.9F 

11:37:oo 24.2K 25.9K 24.9K 2454 F 2028 F 61. 6F 281, 95 O.J" 1514 F IHJ F 184.8F 140. 2F 184.7F 8. z 37.5 30. 4ft 
500 O.OP O.IP I.IP 4.88P 116.1F 117.SF nJF <P.4F I. 0 115. 9F 153.4F 1]9, OF 

II:J9:oo 24. 2K 25.8K 24.9K 2417 F 2026 F 64.6F 29', 95 o.m 1511 F 1mr l8l, 9F 140. JF 195. OF 7.9 38.0 29.8n 
500 O.OP 0.4P LIP 1.8SP II~. IF 118.4F nor i8. 4F I. 0 116. If 153. SF ll9.2F 



2 ~ ftRC-MDUHD DEVHOPIIEIITAL IJASTE P~OlESSIHG SVSTEHS GLASS FU~IIACE AIW C'ltlOHE IHUHERAIO~ 

0024 01 Ol Ol 04 0~ 06 07 09 09 10 II 12 13 14 15 " IUO ··GlASS fURHAC£ P~UF.R ---1------------------------- ------GAS FARAHE IE RS------------------ -------------------------.----------- • --1 

lOll kY AB MY B~ U CD t"BR II fHSR T2 AHB i P~R P AIR ORH OFGS II OFGS ll C~UG 01 HSI 01 EX.H 01 DlUG P VNIR DP AIR AIIB 

JOO 
400 t--·-······-GAS PARAffE IERS CONI-·-·----t--·---------------L IQltf~ PAr.AIJE TERS----------------------------c·-·-···1 

500 02 COHBUS CD C02 HOX HE 1111 HE OT RAO !HI RAP OT CSIC PH SCRB II DlG RTH UHT RIH 
oOO a•••----~----••••------•••----•••••--•••-•

•-•••••••••••••••••-••••••••••••••-•-•••••
••-••••••-•••••----------•--•••·•-•-••--•-

--

11:41:00 24.1K 25.9K 24.9K 2450 F 2025 F 64.6f 29.95 0.2H 1510 F 14~0 F 182.1F 140.4F 185.4F 8. I 37.4 28.5M 
500 O.OP 0.4P I.OP 4.86P 117.0F IIB.SF 82.7F 78,5F 1.0 116. 7F 15J,Bf 139.Jf 

11:41:oo 24.1K 2,.8K 24.9K 2254 F I99S F 65. IF 28,95 0, 2H 1485 f 1417 f 184. 6F 140. 7F 185. 7F 8.9 36.2 28.0A 
500 O.OP 0.4P I.SP 4. 88P 117.2F 119. 9F 82.SF 78.6F 1.0 117.2F 153.6F m.sr 

11:4s:oo 24.1K 25.9K 24.9K' 1749 F 1815 F 65.0f 28.95 O.Jn 1302 F 1258 F 168. IF IJ4,7f IBMF 6.0 38.0 27,2M 
500 G.OP 0.4P I. 6P 0.46P 117.6F m.4F 82. IF 78.4F I. 0 117.5F 144. 5F m.sr 

11:47:00 24,JK 25. 9K 24.9K 1698 F 1781 F 65.1F .29.95 O.JH 1358 F IJI9 F m.9F m.sr 186.0F 3.9 37.4 26.JM 
500 O.OP G.IP 1. 5P 0.4&P 117. 9f 119. BF 02. JF 70,5F 1.0 m.er Jn.4F 131.lf 

IJ:j 11:n:oo 24.2K 26.0K 24.9K 23~9 F 1953 F 65,1F 28.~5 0.2H 1467 F 1400 F 167. 9F 139.5F 186. 2F u 37.3 25.411 
I 

"' 500 . O.OP O.IP I. 7P 4. 72P m.or m.er 82. or 78.2F I. 0 JIB, Of 152, 2F m.or 
w 
w u:sa:oo 24.3K 26.0K 2s.OK 24J5 F 1983 r 64.4F 29.95 0.2" 1490 F 1416 F 180. 2F 140.4F m.sr 9.1 37.5 25.7H 

SOD O.OP o.4P I.SP 4. 7BP 117.9F IIUF 82. 9F 71.JF I. 0 m.or m.or IH.or · 

u:sJ:oo 24.JK 26.1K 23.0K 2447 F 1991 F 64.3F 28.95 o.m 1491 r 1425 F I~J.JF I40.8F 186. er 8.7 37.5 24.5H 

500 O.OP 0.4P I.BP 4.86P 117. 7F 119.6F 82.2F 78.JF 1.0 117.9F 15l.2F m.Jr 

u:ss:oo 24.2K 26.1K 25.1K 2409 F 1994 F 64,3F 29.93 o.2n 1497 F 1426 r IOJ.2F J40.9F m.or 7. 9 37.3 2l,4H 
500 O.OP o. 4P I. JP 4.88P m.er 119.6F 81. 3F 78,4F 1.0 117.9F ISJ,Jf m.sr 
u:sr:oo 24.2K 26 •. IK 23.1K 2477 F 1994 F 64,3F 29.95 0.2" 1499 F 1428 F I~MF I4I.OF 187.2F 8.1 37.7 2J.IH 

100 O.OP O,IP UP U8P m.er m.n 81. 9F 78.4F 1.0 m;gr 153.2F IJ9.7F 

11:s9:oo 24; 2K 26.0K 25.1K 2480 F 2021 F 64.4F 28.95 0, IH 1504 F 1434 F 1~7.5F 141. 2F ID?. 5F 7. 9 37,4 nsn 
500 O.OP 0.4P 1.8P 4.90P 119.2F m.er 82.0F 78. 4F 1.0 II&. IF 153. SF m.BF 

12:oa:oo 24.2K 26.0K 25.1K 2~90 F 2006 F 64,6F 29.95 0.2M 1504 F 1433 F IG7. 5F 141.3F 187. 7F 7.0 37.4 21,5H 
500 O.OP 0.4P I. SP 4.86P 119, 4F 120.1F 92.H 78.4F I. 0 119.4F m.sr 140.0F 

u:oJ:oo 24. 2K 26.1K 25.1K 2454 F 1995 F 65.2F 29.95 0.2K 1505 F IUS f ICf'SF 11U~ I~U~ 1.R:Yr 37.3 21.4H 
500 o.or 0.4P I. 7P 4. 90P II0.7F llO.JF 82.3F 78.5f • 

12:os:oo 24.JK 26.1K 25.1K 2473 F 2010 F 65.8F 29.95 0.2M 1506 F 1431 f 1•9.4F I41.4F 189.2F 0.2 37.5 20.4H 

500 O.OP 0.4P I. OP 4.91P 120,8F IH.6F 8l, SF 79.4F 1.0 119.4f 154. Jr 141.0F 

.. 



2 5 nRC-nDUHD DEIJElOPitENTAl WASTE fRDlESSING SVSTEitS GlASS FURNACE ANP '.'/ClDH" IIIUNERAIDR 
0024 01 02 03 04 05 06 07 08 09 10 II 12 13 14 15 16 
100 --GlASS FURNACE POUER ---1----------------------------·--GAS PARAIIE IERS- ------- ··- ·---------------------------------------- --•---, 
zoo KU A8 KV BC KV CD tnSR II Cn~R 12 AnB T BAR P' AIR ORH, OFGS II OFGS 12 ~lliG OT ftST OT EXH 01 DlUG P UNTR DP AIR ANB 
300 
400 1-----------GAS PAIAnE I (IS CON 1--------1------------------ll OU (0 PARAI1E T£RS---- --------------------------------1 
500 02 cuneus CD C02 '. HOX HE lilT HE OT , RAO IHI RAO 01 CSTC PH SUB II OlG RIH VHT RIH 
600 ........................................................................................................................................... , .............. w ........................................................................................................................... 

12:o1:oo 24,2K 26.1K 25.2K 2472 F 2016 F 66.4F 29.95 0. 3M 1507 F 1438 F 186. 9F 142. 9F 190. OF 7.6 37.3 19. 7H 
500 O.OP 0.4P 2." 4.80P 121.4F -126.3Fi 84.2F 79.1F I. 0 120.IF 154.8F 141.6F 

n:o9:oo 24.1k 26.1K 25.2K 2471 F 1998 F 66.9F 29.95 O.JII 1504 F 1436 F 169.9F 14J.OF 190.JF 7.3 37.5 19.4H 
500 O.OP 0.4P 2.3P 4.88P 121.~F 126.6F 84.5F 79.1F 1.0 120. JF 154.8F 141.8F 

12: u:oo 24.1K 26.0K 25.2K 2434 F 1993 F 67.4F 28.95 0.3n 1501 F 1430 F 199.7F 143.0F l90.6F 7.9 37, I n.en 
' 500 O,OP 0.4P 1.8P 4.64P 12UF 127. 2F' 84. 7F 79.0F 1.0 120. 7F 154.7F 141.9F 

12:u:oo 24.1K 26.1K 25.2K 2400 F 1990 F 67.4F 29,95 0. 211 1499 F 1429F 185.6F 142.9F 190.7F 7. 7 37.6 18.2H 
500 O.OP 0.4P 2.2P 4.50P 122. lF 127, 4F 84.8F 79.0F 1.0 I20.9F 154.6F 141.6f 

tJj I j I ' 12:1s:oo 23.9K 26.3K 25,JK 2521 F 2028 F 67,3F 28.95 0.2n 1507 F 1435 F 190.0F 143,JF 190,9F 7.5 37.8 17.6n "' : 500 w O.OP 0.4P 2.JP 4.9BP 122.~F 127.4F 84.9F 79.2f I. 0 121.2F 155.0F 142.2F ... I 
12: 11:oo 23, 9K 26.2K 25.3K 2504 F 2005 F 67.2F 28,9$ 0. JN 1510 F 1436 F 188.7F 143.3F 190.9F 7.8 37.5 17.1N 
500 O.OP 0.4P 1.8P 4.9BP 122.1F 126.9F ·84.1f 79.2F I. 0 121.0f 154.9f 142.2F 

12:19:00 23.9K 26,3K 25.JK 2470 r 2004 r 67.0F 28.95 0.3n 1506 f 1437 F 190.0F 143.3F 191.2f 7.7 37,3 16. 7" 
500 O.OP 0.4P 2.4P 4.86P 122, iF 126. 9F 84, 7F 78.9F 1.0 121.1F 154,9F 142.2F 

12:21 :oo 23.9K 26.3K 25.3K 2476 F 2011 F 66.5F 28.95 0.2" 1506 F 1436 F 189.9F 113.3F 191.3F 7.4 37.3 15. 7n 
500 O.OP o. 4P I. 9P 4.m 122.IF 126.7F 94.4f 79. 7f 1.0 121.1F 154,9F 142.1f 

12: 23:oo 23.9K 26.JK 25.2K 2464 F 2005 F 66.6F 29,95 0.2" 1505 F 1439 F 189.1f 143.3f 191.6F 7.8 37.7 15. 2n 
500 O.OP 0.4P 2.4P 4.80P !22.JF 127.1F 

' 
94.5F 79.9f I. 0 121.4f 154.9F 142.2F 

12:2s:oo 23,9K 26.2K 25.JK 2427 F 1999 F 66.4F 28,95 o. 2" no1 r 1433 F 198.5F 14l.4F m.ar 7.9 37,6 1un 
500 O.OP 0,4P 2.3P 4.76P 122. 2F 127, 2F 94.9F 78.9F I. 0 121.5f 154.9F 142.2f 

12:27:00 2l.9K 26.JK 25.2K 2525 F 2004 F 66.1F 29. 9S 0.2n 1503 F 1415 F 189.1f 143.4F 191.8F 7.6 37.4 14.3n 
500 O.OP 0.4P 2.1P 4.82P 122.4F 127.4F 94.3F 78.6F 1.0 121. 4F 154.9f 142.1F 

12:29:00 2l.9K 26.2K 25.2K 2196 F 2014 F 6'·'r lf}~lr 12f:ir 
1
iY:sr 

1
1i:4r uur Ui:~f I?Uf 14Hr 37.2 IJ.tn 

500 O.OP 0,4P 2.3P 4.82P 

11:11:oo 23.9K 26.JK 25. 2K 2527 f . 2003 F 65.2F 29.95 0.111 150J F lll4 r 198.2F 143.2F 191.7F 7.J 37.9 13.1" 
~ou O.OP 0.4P 2.1P 4.82P 122.1F 126.3F 83. SF iB. 3F 1.0 121.5F 154.8F 142.1f 



2 5 HRC-HDUHD OEUHDPIIEIITAL IIA>TE ~~DCE551HG SYSIE115 6lR5S FUPHA~E AIID C'/(LOIIE IHf.IHE~ATOR 

0024 01 Ol Ol 04 ~5 06 01 09 09 10 II 12 ll 14 15 16 

100 --GLASS FURIIACE PDVER---/-------------------------------GAS PARAHEIERS---------------------------------------------------------/ 

200 KU AD KU DC uu CHSR H CIISR 12 MD I BRR P AIR ORH OFGS II OFGS T2 tlUG 01 HST 01 EXH 01 OLUG P UHift OP AIR AIIB 

JOO 
400 1-----------GAS PRRRREIERS COHI--------1------------------LIOUID PA~AIIEIERS------------------------------------1 

500 02 cuneus CD C02 HO~ HE IHI H£ 01 RAP IHI RAP 01 CSIC PH SCRB IT DLG RIH UHT RIH 

600 -------------------------------------------------------------------------------------------
-------------------------------------

u: n: oo 23.9K 26.JK 25.2K 2~8J F 2023 F 65,5F 28.95 o.zH t5o9 r 1410 F 186.9F 14J.JF 191' 7r 7.4 37.7 IJ, IH 

soo O.OP O.!P 2. !P 4.80P 112.2F 126.0F 9J.4F 79. JF I. 0 121. 6F 154, 9F 142.1F 

12: Js:oo 2l.9K 26.2K 2,.2¥. 2484 F 2019 F 65. Jf 29.95 0. 2M 1509 F IHO F 194.1F !n.9F 191.1F 7. 8 35.8 12.5H 

500 O.OP o • .r 2.lP 5.00F 121. 9F 125. 4F 82.8F 79, IF I. 0 121.6F 155.0F 142.6f 

12:37:00 2MK 26.2K 25.JK 2493 f 2019 F 65.7F 28.95 O. iH 1511 F 1440 F 193.5f 144, 2F 191. 4F 7.' 35.8 11.9H 

500 O.OP o. 4P MP 4. 99P m.or 124. 9F 83. JF 78. 5F 1. 0 121. 6F 154. BF 142. 6F 

12:J9:oo 2l.9K 26.2K 29.JK 2466 F 2008 F 65.6F 28.95 0. 2M 1510 F 1419 F 197.1F 143. 9F m.or 8.3 35.3 II, 7H 

500 O.OP 0.4P MV 4.m 121.5F 123. 7F 83. iF 78.1f 1.0 121.4F 154. 2F 142. 2f 

11: II :oo 23.9K 26.2K 23.JK 2413 F 2019 F ss.4F 28.95 O.IM 1507 f 14l7 F IBl.Of m.sr 190.5F 8.0 35.9 11.411 

500 O.OP o. 4P 2.2P 4.12P 120. lf 122. 5F 93. iF 79.2F J. 0 12i.Of 151.6F 137.4F 

to u:4J:oo 23.9K 26.2K 25.JK 2494 F 2016 F M.SF 28.95 o.an amr IW F tB6.8F m.sr 190.7F 9.0 34.9 10.7" 
I 

N 
w 

500 O.OP 0,4P MP 5.18P 120.lf 122.2F OJ. OF 78.2F 1.0 120.4F m.er 141.1F 

Ul n: •s:oo 23.8K 26.2K 25.JK 25J8 F 2017 f 64.7F 29.95 0.2ft 1515 F IH2 f l89.lF 14l.IF uo.n 7.2 37.9 10.5M 

500 O.OP 0.4P 2.5P 5.04P 120.lf m.Jr 8J.2F 79.2F I. 0 120.5F 154.5F 141. 4F 

u:47:oo 23.9K 26.2K ·as. JK 2s12 r 2036 r 64. 7F 28,95 o. zn 1511 F 1437 f 190.lF ~~~:Jf ~~~:~f t4f:lr 
37.7 9,7M 

500 O.OP UP 2.3P 5.04P IZUF 122. 4F 83.0F 19.1F 1. 0 

12:49:00 2UK 26.2K 25.JK 2502 F 2015 F· 65.0F 28.95 0.2" 1510 f 1419 f 169. 4F m.or 190. 9F 7 .I 37.7 9.2M 

500 O.OP o.4r 2. 2P 5.02P 120. 7F m.SF 02. 9f i8.JF 1. 0 120.9f 154.6F 141.6f 

!l:st:oo 2l.UK 26.2K 25.JK 2512.F 2016 F GS.IF 28.95 0. 2M 1510 F 1439 F 187.0F 143.2f 191.2F 7. 6 37.7 8.9M 

. 500 O.OP 0.4P UP 5.02P 121. OF 122.iF 82. if 78.JF R.O 121.1F 154.4f 141.6F 

u:u:oo 2UK 26.2K 2S.lK 2584 F 2036 F 6S.IF 28,95 o.tn 1510 r 1431 F 190.IF 143.4F m.JF 7.7 37.8 8.4n 

500 o.or 0.4P I. 5P $.04P 121, OF 122. !IF BJ. J,F 78. SF 1.0 121. JF 154. SF 141. 7F 

u:ss:oo 2l.8K 26. 2K 25.41: 2554 F 2017 F 64.9F 28.95 O.ln 1516 F 14H F 188.2F m.•r pt.•r skir 37.6 7.9n 

500 UP 0.4P 2,!P 5.06P 120.8F 122.6F Ul.Of 78.4F 1.0 lli.JF 54.5F 

u:~1:oo 21.8~ 16. 2K 25.4K 2477 F 2022 F 6UF 29,95 0.2" 1506 F 1436 F 199.0F 14J,If m.sr 7.3 37.6 7.9R 

!UO O.OP 0.4P UP 5.02P 120.9F 122.1F · 82. BF i8. SF 1.0 lli.IF 154.1F 141 .6F 



l l nk~-nUUHU Ut1JtLUP1ttlfiHL Y~51t PkULtooiiiG SVSIEII> GLR>S IU~HHlt HH!• l'ILLU'tt IIILilltkHIUk 
OOH 01 02 .Ol 04 05 06 '07 08 09 10 II 12 13 14 15 16 
I 00 --6LA55 fURHACE POVER---1---------- -------------- -·- ---- -6R> PARRIIE IERS-- --- ---- ··-----------------------------------------------1 
200 KV AI KV BC KW CD tnBR II CnBR 12 Rna I BAR P AIR ORH OFGS II OF65 r; CLU6 or "Sr Or EXH or DLU6 P UHIR DP AIR RHB 
300 

, 400 1-----------GAS PARAHErE~S COHr--------1------------------LIOUID PARAttErERS------------~-----------------------1 
. 500 02 COHBUS CO C02 HOX HE IHI HE' 01 RA~ IHI RAO 01 CSIC Pk SCRB II Ol6 RIH UHI RIH 

600 --------------------------------------------------r--------•----------------------------------"---------------------------------
12!59!00 2J.7K 26.2K 25.3K 2554F 2023f 65.1F 78.95 0.2n ISOBF 1440F 185.9F 14J,Jf 191.7F 7.4 38.1 7.1" 
500 O,OP O.IP l.6P S.OOP li21.0F 122.7f 83.0f 7&,6f 1.0 121.2f 154.1f 141.5f 

ll!OI!OO 2J.8K 26.2K 25.4K 2557 F 2011 F 65.1F 28.95 0.1" 1510 F 1439 F 190.2F 143.1F 191.9F 7.0 37.9 7.0K 
500 O.OP O,IP 2.5P 5.02P I~I.IF 12l.Of 8J,OF 78.9F 1.0 121.3F 154.2F 141.7f 

ll!OJ!OO 2J.7K 26.2K 25.JK 2574 F 2034 F 65.5F 2~8.95 0.2" 1507 F 1m F 190.0F 143.1F 192.0F 7.0 38.0 6.8" 
500 O.OP O.IP 2.7P 4,UP 1~1.4f 12l.Of 82.4f 78,8f loO 121.lf 154.3f 141.7f 

11!05!00 2J.9K 26.0K 25.2K 2543 F 2033 f 65.8F 29.95 0.1" 1510 F 1438 F 187.5F 143.2F 192.1F 7.7 38.1 6.5n 
500 O.OP O,IP 2.2P 4,UP IU.6F 123.2F 83.1F 78.7F 1.0 121.7F IS4.4F 141,8f 

~ : 13!07!00 23.BK 26.2K. 25.5K 2489 F 2009 F 65.7F 2,,95 0.1" 1508 F 1438 F 189.2F 14l.3F 192.1f 6.7 38.2 5.8n 
"' I soo o.oP o.IP ur 4.m n1.6f m.3F B3.3F 78.6F 1.0 121.7F 154.2F 141.8F 
W I 
"' I u:o9:oo 2J.9K .26.oK 2s.2K 2534 F 2o26 r 65.6F z8.9' o.r" 1507 r 1438 r 187.7F w.zr m.or 1.1 38.o 6.o" 

500 O.OP O.IP MP 4.94P 1~1.7F 12l.4F 83.5F i8.7F 1.0 121.BF 154.5F 141.8F 

13!11!00 2J.7K 26.2K 25.4K 2526 F 2020 F 66,4F 28,9' 0.2" 1506 F 1434 F 187.8F I43.3F 192.2F 6.9 38.0 5.5" 
500 O.OP O.IP J,, 4.94P 121,8F 123.5F 83.4F 78.9F 1.0 122.1F 154.3F 141.8f 

ll!IJ!OO 2J.7K 26.2K 25.4K 2507 F 2015 F 66.0F 2B.95 0.2" 1504 F 1436 F 188.2f 14l.lf 192.JF 7.2 38.1 5.2K 
500 O.OP 0.4~ J,H 4.92P 121.JF 123.1F 8l.IF 78.6F 1.0 121.9F 154.JF 141.8F 

13!15:00 2J.7K 26.2K 25.4K 2519 F 2042 F 65.7F 28.95 0.2" 1509 F 1441 F 189.1F 143.6F 192.5F 7.2 38.2 4.4" 
500 O.OP 0.4P 2.7P 5, liP lli,5F 123,2f 8l.3F 78.8F 1.0 121.7F IS4.6F 142.0F 

13!17!00 2J.7K 26.1K ,25.4K 2519 F 2039 F 65.5F 29.95 0.2~ 1519 F 1446 F 174.5f 14l.6F 192.5F 7.0 38.2 4.4" 
500 O.OP O.tP J,4P 5.UP m.4F 123.lf 8l.5F 78.7F 1.0 121.8F 154.8F 142.1f 

13:19!00 23.7K 26.2K 25.4K 2539 F 2040 F 65.1f 211.95 0.1" 1514 F 1444f 189.3f 143.4F 192.6F · 6.7 38.0 3.9H 
500 O.OP O.IP 2.8P 5.12P 121.lF 123.1F 8J.4F 78.9f 1.0 121.7F 154.6F 141.9F 

1 u:z1:oo 2J.7K 26.2K 25.3~ .2m F zon r 65.1F 2:9,95 0.2" 1512 r 1145/ 19o.gr 1u.sr 192.lF 7.J 38.2 3.6" 500 O.OP 0.4P 3.0P 5.1SP lo21.2F 123.0f Bl.OF t8 •• f I. 21.6F 54. F 142.1f 

11!23:00 23.7K 26.2K 25.4K 2507 F 2035 F 64,9F 28.~5 0.2K 15i2 F 1447 F 192.9F 14l.8F 192.7F 8.0 35.9 3.5" 
500 O,OP O,IP 2.9P 5.02P 1~1.2f 12l.9F 82.9F 18,9F 1.0 121.3f 154.5F 142,3f 



1 5 ARC-MOUifO DE1JELOPifEifTAL IIASIE P~OCESSIHG SVSTEIIS GLASS FURHAf.E All~ f.'lf.lOif< IHCIIIUAIOR 
OO!l 01 02 OJ 04 05 06 07 . 08 09 10 II 12 13 14 15 16 
100 --GLASS FURHACE POWER---1-------------------------------GAS PARAHEIERS---------------------------------------------------------1 
100 KU AS kV BC KU tO tMBR II CftBR 12 ANB I BAR P AIR ORM DFGS II OFGS 12 DlliG 01 HSI 01 EXH 01 DlUG P UHIR DP AIR A/19 
300 
400 1··---------GAS PARAMETERS tDNI--------t------------------LIOUIO PRRA1t£1ERS------------------------------------t 
500 02 co"eus co C02 HOM HE IHT HE 01 RAD 1111 RAD 01 CSIC PH StRB IT Dl6 RIH UHT RIH 
600 ~-~-~~------------------------------~-------------------------------------------------------------------------------------------

n:2s:oo 23. 7K 26.2K 25.4K 24?9 F 2016 F 64.6F 29.95 0. 2" 1509 F 1439f I07.0F I44.0F 192. SF 7.8 35.6 2.9M 
500 o.oP 0.4P l.IP 5,08P 121.1F 122.8F 82, 9F 79.6F 1.0 I21.5F 154-GF IU.4F 

n:21:oo 23. 7K 26.2K 25.4K 2~85 F 2029 F 64.7F 29.95 o.m 1512 f 1443 F 19J.6F 144.0F m.9F 8.1 35.9 l.OM 
500 O.OP o,qr 2.4P s.m m.or 122.9F 83.1F 78.8F 1.0 121. SF 154.6F 142.4F 

u: 29:oo 23.7K 26.2K 25.4K 2509 F 20£5 F £4.6F 28.95 o.m 1511·F 1443 F 193. 6F 14l.8f 192.9F 7.8 35.5 2.5M 
500 O.OP 0,4P MP 4. 96P UI.2F 123. OF 83. 3f 79.8F 1.0 121.4f m.SF 142.3F 

u:s1:oo 23.7K 26.2K 25.4K 2490 F 2028 F 64.6F 29.95 · o.2n 1509 r 1439 r m.sr 14UF m.9F 8.5 35.9 2.1M 
500 O.OP 0.4P MP 4.98P Ill. 2F m.er 83. 4F 78.8F I. 0 121. 5F 154.4F 142.4F 

u:u:oo 23. 7K 26.7K 23.4K 2475 F 2034 F 64.6F 28.95 o.2n 1509 r 1442 F 19l. OF 14].8F m.or 7.7 36.1 2.2N 
500 O.Of o.~r 2. 9P 4,96P UI.JF 123.1F 83. JF 78. 9F I. 0 121.6F m.Jr m.4r 

I:I1 u: Js:oo 2J.7K 26.2K 23.4K 2507 F 2027 F 64.5f 28.95 o.m 1509 F 1441 r :82.JF 14l.BF 193.1F 8.2 36.2 I. 9K 
I 500 o.or 0.4P Uf S.OOP UI.4F 122.9F 9J.Of 78.8F 1. 0 121,5F 154.5F 142.3F 
"' w 
-J ll:Jr:oo 23. 7K 26.2K 25.4K 2492 F 2021 F 64.4F 28.95 o.m 1510 r 1445 F !91.0f m.9F m.zr 9.7 JS.l I.BM 

500 @,OP O.IP J.2P 5.06P UI.4F m.2r OJ. IF 78.8F 1.0 121.6F 154.4F 142.4F 

- n: J9:oo 23.7K 26.2K 25
1

4K 2535 F 2021 F 64.4F 28.95 0,2K 1509 f 1440 F 19J.IF 143.9F m.Jr 8.3 36.2 I,Jn 
500 Q,OP 0,4P 2 lP 5.02P 121.4F m.zr 83.lf 78. 4F J, 0 121, 7F 154.6F 142.4F 

u:11:oo 23.6K 26.2K 25.4K 2501 F 2029 F 64.4F 29.95 O.IH 1509 F 14~5 F m.rr I44.0F 193. IF 7.8 36.4 I.OM 
500 @,OP O.!f !.If 5.08P m.sr m.2r OJ. 2F 78.5F 1.0 121. 7F 154.6F 142.5F 

u:u:oo 23. 7K 26.2K 25.4K 1891 F 1869 F 64.4f 28.95 o.2M 1211 r 1245 F IBI.SF 140.2F m.4r 3.2 38.4 o. '" 
,00 O.OP O.!f l.2f I. 2SP 121. SF 123,1F 8l.3F 78. 7F p.o ill. OF 149.6F m.4F , 
u: 45:00 2J.8K 26.JK 25.~ 1704 F ln2 F 64,6F 29.95 0. JM 1319 f 1277 F f?l.IF IJ7. SF 19l.4F · 9.3 35.3 o.•n 
500 O.OP .0.4P UP o.m 121.9F 12l.7F 8l.5F 78.5F I. 0 m.or i44.6F m. 6F 

' 
il:47:oo 23.9K 26.JK 25.5K 2434 F 1952 F 64.7F 29.95 o. Jn 1463 r ll8B F 135.6' jlt.er \~H ,,3:1r 36.4 0.4" 
500 O.OP O.IP J. 9P 4.7SP m.JF 124.0F BJ.lF 78.6F 1.0 22.1F , F 

u: l9: 00 23. ~K 26.4K 25.~K 2583 F 1997 F 64. JF 28.95 0.2" 14Bl F 1406 F 196.6F 143.1F 19l.3F 7.5 36.2 0. IH 

sou O.OP · O.lP ], 4P 5.JOP I21.9F 12l.IF BJ. 2r 78.4F 1.0 122.1F 15J.PF 141. 7F 



< ' IU\\.-t1UUitll llt.Yt;I,.Urm:.l11nt.. W".;oiL r"U!...L,:,O;,&IIU ~~~IC.II,:.o Ul-11.1.' I Vf\1•11•,\, IIIIV "'~'-''" llt"l"'"'"''"''· 

0024 01 02 OJ 04 05 06 07 . 09 09 10 II 12 IJ 14 15 " 100 ··GLASS FURNACE PDIIER-··1··-----------------------------GAS PARRIIETERS---------------------------------------------------------1 
100 KU AI KU 8C kU CD CnBR II CHBR 12 AMB r BAR P AIR URn . OFGS T1 OFGS 12 ~LUG or nsr or EXH 01 DLUG P UHTR DP AIR AIIB 
300 

1-----·-··--GRS PRRRnErUS CDHT-----•--1··----.f.---·-·····LIUUI~ PARAHEIERS------------------------------------1 400 
500 02 CDnBIJS CD C02 HOX HE IHT HE 01 ' RAP IHT RAO Or tSTC PH StRB IT OLG RIH VHr RIH 
600 --------------------------------------------------------------------------------------------------------------------------------
u:51:oo 23.6K 26.4K 25.4K 2600 F 2011 F 64.4F 28. 95i o.2n 1492 r 1417 ~ 190.0F 143.5f l9l.3f 7.6 ]6.2 O.IH 
500 O.OP 0.4P 3.5P 5.20P 121.8F 123.4f 82.9F 7B.IF 1 1.0 122.1r m.2r 142.0F 

u:5J:oo 2J.SK 26.31: 25.4K 2616 F 2014 F 64.3f 28,95 0.2H; 1498 F 1426 f 191.4F l43.8f 19J.4f 8.2 35.9 -O.IH. 
500 O.OP 0.4P 3." 5.20P 121. SF 12l.2F 82.7F 78.5F 1.0 121.8f 154.6F 142,3F 

u:5s:oo 23.6K 26.3K 25.5K 2667 F 2016 F 64. 4f 28.95: 0.2H 1504 f 14!2 F 190.1F 143.7F 19!.5F 7.7 35.8 -O.JH 
500 O.OP 0,4P ·3." 5.UP 121.4F 12J.OF 82.1F 78.4f 1.0 121. 7f 154, 7F 142,4F 

u:s7:oo 23.5K 26.JK 25.5K 2624 F ·2009 F 64.5F 28.951 O.IH 1499 f 1427 F 188.6F 14J.5F 19J.6F 7.5 35.6 ·0.6H 
500 O.OP 0.4P J.4P M2P 121,3F 12l.lf. 82.9F 78.4f 1.0 121.6F 154.5f 142.1F 

tJ:j ' u:59:oo 23,7K 26.JK 25.6K 26J9 F 1998 F 64.5F 28.95i 0.2H 1498 F 1427 F IBB.Of 143.4F 19J.3F 7.7 35.8 -o.sn 
I 500 O.OP 0.4P J.2P MOP 12l.lF 123. OF 82.lf 78.4F I. 0 121.5F 154.JF 142.0F 
"' w 14:o1:oo 23.JK 26.3K zs.TK 2649 r 1998 r 64.8F 28,95 0.2H 1497 F 1427 F 187,6f J43,4f UJ,5f 8.1 35.8 ·I.On OJ 

500 O.OP 0.4P J,JP 4,90P 121. 4F 12J.2F 82.8F 78.4f 1.0 121.7f 154.2f 142,0F 

u:OJ:oo 2J.4K 26.3K 25.7K 2652 F 2005 F 64.7F 28.95 0.2H 1497 F 1426 F 188.4f 14J.5F nur 8.0 35.8 -1.4H 
500 O.OP 0.4P J.5P '·"' 121. SF 123. 2F 8l.Of 78.5f I. 0 121.7F 154.4F 142.0F 

11:os:oo 23.4K 26.4K 25.7K 2£65 F 2005 F 64.BF 2B.95i o.2n 1499 F 1426 F 188.6F 1u.sr m.6F 7.6 35.7 -s.4n 
500 G.OP 0,4P J.fP 1.m 121.6F 123.2F 83. 2f 78.JF 1.0 121.7F l54.4f 142.0F 

u:o1:oo 23.4K 26.4K 25.6K 2649 F 2008 F 65.1F 28. 95i O.ln 1495 F 1428 F 187.2F 14J.6F 19l.7F 7.7 35.7 -1.0" 
500 • O.OP o.tr J.OP UIP 121.8t 123. 4F i2.6F 78.5f 1.0 121.9f 154.2f 142.0F 

. ·14:o9:oo 23.4K 26.JK 25.6~ 26J9 F 1997 F "·'F 28.95! o.2n 149J F 1427 r 183.0F 143.6f 19J.8F 8.1 35.7 -2.1n 
500 O.OP o.tr J.6P 4.12P 122.0F 12J.6F 8l.BF 78.5F 1.0 122,1f 154.4F 142.1F 

u:u:oo 23.4K 26.JK 25.7K 2634 F 2001 F 65. 4F 28. 95i 0.2H 1496 f 1426 f 189. 9F 14J,7F 19f,lf 8.4 35.6 -2.1" 
500 O.OP O.IP UP '·"' m.or m.7F Bl.OF 78.5f 1. 0 122.1f 154.3f 142.2F 

u: u:oo 2J.4K 26.J~ 25.6~ 2652 F 1995 f 65. !F l!J ~ir 12ur ·n~.r 1 1i~,f ''i:dr f~i:8f f~!:lf 14f:9r 
35.8 -I.Bn 

500 O.OP 0.4P J.BP 4. B" 

14:1s:oo 2J.4K 26,4K 25.6K 2651 F 2000 F 65.4F 29.9~ o.zn 1m r 1412 F I8J.8f 14l.8F 194.1F "' 36.4 -2. 2" 
SOD O.OP 0, 4P l.4P 4.8<P 121.?F 12l.6F 8J.4F 79.8F I. 0 122.0F 153. If 142.2f 



2 5 nRC·NDUHD OE'IElOPIIEIIIAL ~ASIE PRDCESSIHG SVSIEifS GlASS FURHAU AH~ C'/llUII( IHCIHERAIUR 
0014 01 02 OJ 04 05 06 07 08 09 10 II 12 IJ 14 15 16 
100 ··GLASS FURNACE PDWER···I······················-········GAS PA~AIIEJERS················-········-·······----------------··-·····1 
200 KU AB KU UC KU (.0 CMBR II CIIBR 12 AMB T PAR P AIR ORil OFGS II DFGS T2 ~LUG 01 1151 Dl EXH 01 DLUG P UHIR DP AIR AIIB 
300 
~00 t·-····-···-GAS PARAREIERS tDHI·······-t-·---·········--··liOUID PARANEIERS-····r·······---···----------·····--1 
500 02 COKBUS CO C02 HOX HE IHI HE 01 RAP 1111 RAP Dl tSIC PH SCPB II DlG RIN UHf RTH 
600 -----------------------------------·--:-7-----·····------··-·····---------········---·······------------------------------------
14:17:00 2J.4K 26.JK 25.6~· 2665 F 2014 F 65.3F 28.95 0.2" 1502 F 1419 F 192.9f 144.0F 194. OF 7.9 35.6 -2.6H 
500 O.OP 0.4P UP 5.04P 121. 8F m.sr 8l.OF 78.4F I. 0 121, 9F 154. 4F 142.3F 

14: 19:oo 23.4K 26.JK 25.6K 2668 F 2001 F 65.2F 29.95 0.2K 150J F I4J5 F 190.9F i44.1F m.IF 7.5 35.8 -2.6" 
500 O.OP 0.4P 3." 5-0BP m.er m.sr 82.9F 78.5F 1. 0 m.or 154.4F 142. SF 

14:2r:oo 23.4K 26.JK 25.6K 2666 F 2025 F 65,1F 28.95 0.1" 1506 F 1436 F IBMF 144.2F 194.1F 8.1 36.0 -2.6" 
500 o.or Q.4P UP S.IOP m.or m.sr OJ. IF 78.5F 1.0 122.1F 154.BF 142.6F 

14:n:oo 2J.7K 26.JK 25.5« 2664 F 2020 F 64.9F 28.95 O.IK 1500 F 1435 F 189.1F W.2F 194. 2F 8.1 36.2 -2.en 
500 O.OP 0.4P J.1P s.m m.or m.4F D2.6F 78,6F 1.0 122.1F 154.BF 142.6F 

14:25:00 23.6K 26.JK 25.5« 2657 F 2031 F 65.0F 28.95 O.IM 1507 F 1435 F m.or 144.1F 194. 2F 7.6 JS.O -un 
500 O.OP 0,4P 4, or 5.1DP U2.1F 123.6F 8l.IF 79.SF 1.0 122. IF 154. 4F 142.5F 

b:l 14:27:oo /f:f·;,,JK 2S.7K 2686 F 2035 F 65.4F 28.95 0. 2H 1511 F 1439 F 196. 7F !H.IF m.2r 7.7 35.7 -3.2K 
I 500 @.OF 0.4P 4.2P' 5.08P ' 122.1F 12l.7F 82.8F 78.6F I. 0 122. 2F 154. 5F 142.5F 
"' w ' 
\D 14:29:oo 2J.JK 26.2K 25.7K 2667 F 2016 F 65.8F 28.95 0.2R 1505 f 14J6 F 197.0F 144.JF 194. 4F 7.8 35.8 -J.4n 

500 o.or 0.4P 4.2P 5.10P m.4F m.9F 83.3F 78.8F 1.0 122.5F 154.7F m.ur 

14:ss:oo 2J.JK 26.JK 25.7K 2676 F 2025 F 65,8F 28.95 O.IA 1502f 1431 f m.OF 144.2F U!.JF t4Hr 36.0 -J, 2R 
soo O.OP 0.4P ]. 9P 5.06P 122.4F m.9F Ol.IF 79.BF I. 0 122.4f 154.7F . 
t4:n:oo 2].JK 26,3K 25.7K 2671 F 2o2e r 66.0F 28.95 o.zn 15os r 1434 F 195.6F 144.3F 194. JF 7.2 35.8 -l.IK 
500 O.OP 0.4P 4.1P 5.08P m.4F 12], Bf 82.8F 78.5F 1. 0 m.4F 154.5F 142.6F 

14:35:00 2J.3K 26.2K 25.7K 2662 F 2019 F 66.1F 28.95 O.JM 1504 F 14351 m.or 144.3F 194.3F 7.5 35.9 -3.9" 
500 o.or O.IP 1.2r $,08P m.JF m.sr 82.8F 78. 1.0 J22,6f ·154,i~ .•. IH •. 7f. 

14:J7:oo 23.lK 26.2K 25.7K 2619 F 2032 F £6.2F 28.95 o.2n 1508 r 1439 m.or 144.3F 194.4F 7.9 36.0 -4,2M 
500 O.OP O.IP 4.1P 5.12P 121.9F m.or 82. 9F 78. 7f I . 1. 0 m.Jr 15UF 142. 7f 

' 
J4:l9:oo 2l.JK 26.2K 25.7K 263. F 2026 F 66.0F 29.93 0.1M 1506 F 1417 F 197.0F 144.1F 194.4F 7. 4 35.7 -3.4" 
500 UP O.!P l.7P 5.0PP 121.lF 12l.lF 82.6F 79,6F I: 0 121. er !54. IF 142.6F 

11: 11:~0 2l.JK 26.2K 25. IK 2669 F 2025 F 66.0F 29.95 O.IM 1504 F 1m r 199.2F 14l.BF 19UF 7.2 36.2 ·4.0M 
~00 O.OP 0.4P 4.4P 5.04P 120.6F 121.Jr s1.6r i9.6F I. 0 121. 2f 154. 2F 142.lf 
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2 5 RRC-MDUHP OEUElOPHEHIAL WASTE fRDtESSIHG SVSIEMS GLASS FURHAt£ AH~ t'ICLOH' IHCIHERAIDR 
I 0024 01 02 0! 04 05 06 07 09 09 10 II 12 I J 14 15 16 

IQO --GLASS FURHRCE PDVER---1-------------------------------GAS PARRtiEIERS---------------------------------------------------------r 

200 KU AU KU Bt KU CD tftSR II mR 12 AMB I S~R P AIR URn OrGS II DFGS 12 ~LUG 01 MST 01 EXH 01 DlUG P VHTR OP AIR AIIB 

JOO v 
~00 1------·····GAS PRRAAEIERS COHI········I·-·····--····-·---LIOUIO PARAIIETERS-····---···-----····-----------···--1 
500 02 COMBUS co CU2 HDK HE IHI HE 01 RAO !HI RAP 01 CSIC PH SCRB II OlG RIH VHT RTH 
600 --------------------------------------------------------------------------------------------------------------------------------

14:49:00 2J.5K 26,1K 25.6~ 26~4 F 2039 F ,6,1F 29.95 0.2H 1506 F I4JS F 199.9F 142. SF 194.1F 7.9 36.6 -4.2" 

500 O.OP o. 4P 4.1P S.ODP II6.2F II6.7F 83.1F 78.5f 1.0 117. 2F 152. 9f :zor 
14:51!00 23.5K 26.1K zs.s~ 2694 F 2021 r u.or 28.95 o. IN 1504 F 1434 F 196. 4F 141.9F 194. OF 36.4 ·Uif 8.3 

500 o.or 0,4P 4.8P S.OOP IIUF m.or BJ.Of 78.4f I .o m.9f 152.4F 140,JF 

14:53:00 2l.5K 26.1K 25.5K 2678 F 2021 F 65.8F 28.95 O.IN 1~5 f 14l6 F 199. Jf 141.4F \193.9F 7. 4 l6,5 -6.6A 

500 O.OP 0.4P 4.8P 5.00P IIJ.SF lll.IF 9 .OF 78.4F 1. 0 114. 4F 151. 9F m.n 

I 11:ss:oo 23.4K 26.1K 25.5K 2694 F 2044 F 65.7F 28.95 0.2N 1515 f 1445 f 190. 6F 141. IF 19J.7F e.l 36.6 -4.4n 

500 O.OP 0,4P 5.0P s.m IU.JF 112. 5f 82. Bf 78.4F I. 0 m.sr 152. 6F 139. 

I D4:sr:oo 2J.5K 26.1K 25.5K 267~ F 2048 f 65.9F 28.95 0. 2H 1513 F 1444 F m.sr I40,8F m.7r 9.3 35.8 -4.5H 
to ' 500 O.OP 0,4P 5.1P s.m Ill. 2f 111.4F 82.7F 78.2f 1.0 112. 2F 152.1F ll9, JF 
I ' "' '· 14:59:00 23.4K 26.1K zs.SK 2642 r 2042 r 65,8F 28.95 0.2H 1513 F IHD F 19UF 140.5F m.ur u ]7,0 -4. 5" 

"" 1-' ' 500 O.OP 0.4P 5.2P 5. lOP IIO.JF 110. SF 82.1F 78.6F 1.0 III.Jr m.sr U9.0F 

as:oa:oo 23, 3K 26.0K 25.4K 2655 F 2052 F n.1r ze.9s '0. 2M 1514 f 1446 F 166.2F llMF 193.BF 8.0 36.9 -4. '" 
500 o.or 0.4P Mf 5,28P IOUF I09.0F I 82.8F 78.6F 1.0 IIO.If 151. 7F 138, 4F 

1s:os:oo 2J.4K 26.0k 25.~K 2~60 F 2050 F 65. er fB'?~r aoUP 1 i~~o~ ·~:!er 19f:3r MUf !Rtf uNr 36.9 ·4,JR 
1• 500 o.or o.4P '· P .m 
I 1s:os:oo 2l.JK 26,0K 25.~ 2600 F 2017 F 65.9F 28.95 0.2H 1507 f 14l9 f 195. 6F IJB.IF m.sr D.J 36.7 -4, 7K 

I 500 G.OP 0.4P S.IP 4.90P 105.5F I05.9F Bl.lf 78.BF 1.0 I06.9F 150.9f ll6.7F 

Js:o?:oo 2J.IK 26.1K 25.7K 2659 F 2028 f 65.6F 28.95 O.IH 1505 F 1438 F 186.8F IJ7.5F m.3F 7.0 30.7 ·4.8" 

I 500 O.OP 0.4P 5.lP UBP 104.JF i04.9F 81. 7F 78.8F 1.0 ,I05.7F I49.9F 135.4F 

1s:o9:oo 2l.IK 26.1K 25.6K 2662 F 2031 F 63.6F 28.95 o.zn 1504 F 14J6 F 156.4f Ill. 9F 161.6F 5.3 26.5 -4.m 

500 O.OP 0.4P 5.5P 5,l6P IOJ.Of IOUF 82.8F 18.5F 1.0 104.JF 146. JF 132.2F 

15:11:00 2l.IK 26.1K 25.6K 26~2 F 2054 F 65.4F 78.95 o.zn 1507 r 14ll F 149. 4F ll0.2F 146.7F 4.3 23,8 ·4.8H 

500 O.OP 0.4P UP 5.48P IOI.Bf 102.4F B2.4F 78. 7F 1.0 IOl.IF 146. 7f no. 9F 

n: u:oo 2J.IK 26.1K 25.7K 2663 F 2048 F 65.JF 28.95 o.4n 1511 F 14l6 F 148.1F 129.6F 141. 2F 5.1 25.3 -4. 7" 

' 
500 O.OP 0.4P 5,W 5.54P IO!.OF todr e2. 9F 79.7F I. 0 102.4F 148. 6F IJ0.4f 



2 5 ftRC·nDUHD DEVELOPHEHIAL VASIE PROCESSING SYSVEHS GL~SS FURIIACE AHP CVCLDH~ IHCIHERAIDR 
0024 ·-G~~SS FUR~~CE POU~~---/--~~------~~------~~----~-~~---GASO~~RAHEI~:s-----~~------~~------~~------~~------~~------~~------~~--1 100 
200 KU A8 KU BC KV CD tnBR II tnBR TZ AnB T B~R P AIR URn OFGS Tl OFGS TZ DLUG 01 nST OT EXH 01 DLUG P UHIR DP AIR AHB 300 I 

~00 1···-······-GRS PAR ftU IE IS CONT ···-···-t-········c·· ·-----U OUI 0 PAR AilE IERS- ----- --------·-• --------------·----1 500 02 cuneus co C02 HOX UE IHI H£ 01 RAP IHT lAD 01 CSIC PH SCAB IT OLG RTH UHT RIH 600 ....................................................................................................................... J. ......................... : ............................................................................................................................................................................ 

n: 15:oo 23.1K 26.0K 25.6K 2550 F 2017 F 65.1F 28.95 ,O,lH 1517 F 1443 F 154.lF lll.OF m.6r 7.4 ll.3 -4. 9H 500 O.OP 0.4P s.3P 4. 92P i99.9F IOO.IF 82.5F 78. 7F I. 0 101.4F 1Sl.3F llUF 
15! 17!00 23.1K 26.1K 25.5K 2614 F 2051 F 64,9F i9.95 0.2ft 1504 F 14n F IBl.OF 12MF 137. 2F 9.7 37.2 -4.6H 500 O.OP 0.4P 5.5P t. 70P '98. 9F 99.6F 81,8F 79.4F 1.0 I00.2F UJ,5F Ill. SF 
n: 19:oo 23.0K 26.1K 25.4K 2553 F 2013 F 64.6F te. 95 O.lft 1499 F 1431 F 196.6F 129.7F m.or 9.7 38.5 ·5.2H 500 o.oP O.fP S.SP f.UP '98,5F 99.2F 12.SF 71.fF I. 0 99.6F UI.JF m.sr 

I 

15!21!00 23.0K 26,1K 25.4K 2586 F 2025 F 6f.8F 28.95 O.IH 1498 F 1431 F ZOO.ZF 129.6F m.7r "' 38.1 cf.8H 500 o.oP O.fP ,.OP f.62P !"· 3F 99.lF 82.7F 7B.fF 1.0 99.JF UI.SF ll2.4F 
IJ:I n: u:oo 23.1K 26.2K 23.6K 2584 F· 2007 F 64.9F 28.95 O.IH 1498 F 1430 F 196.3F 129.8F IJB,fF 10.0 JB.O -4.4ft I 500 O.OP 0.4P ,,or t.m ]91.SF 99.6F 82.6F 78.5F 1.0 99.2F 151. 4F ll2,3F "' ... 
"' n: zs:oo 23.1K 26.2K 24.0K 2592 F 2001 F 64,9F 28.95 O.ln 1496 F 1427 f m.zr 130. 2F 144.7F 9.6 38.5 -4.~" 500 . o.or 0.4P ,., f.62P 191. 7F 99.9F 82.3F 78.4f 1.0 99,3F 148.7F ll2.5F 

n:21:oo 23,1K 26.3K 24.1K 2509 F 2016 F 64.9f ~8,95 O.ln 1496 F 1429 F 201.1F 130." m.or M 38.1 -··'" . 500 O.OP 0,4P ,,2P f.64P 99.1F I00.5F 82.7F 78.4F 1.0 99.6F 149.3F IJ2,7F 
' n: 29:oo 23,2K 26.JK 24.4K 1814 F 1819 F 64.7F 28.95 O.lft 1348 F 1316 F 183. 4F 126. 4F 162. 4F 9.7 36.8 -s.on 500 o.or o.tP 6. 3P 0.14P !99.6f IOI.IF 82. 2F 78. 2F 1.0 IOO.OF 142.3F 127, OF 

15!31!00 23.2K 26,JK 24.4K 2408 F 1944 F 64.7F 28.95 o.2n 1457 F 1391 F 161.2F 127.9F 166. OF 10.2 37.8 -s.on 500 O.OP 0.4P UP 4.04P IOO.IF I02.1F 82.1F 78. ZF 1.0 100.6F 144.JF 128.7F 

15!Jl!OO 23.3K 26,3K 24.4K 2609 F 19&5 F 64.7F ~8,95 o. 2n 1491 F 1415 F 187.!F 130.2F 169. 7F 9. 3 37.0 -4.8ft 
500 O.OP O.fP 6.5P 4, BOP I00.9F 101.8F 82.9F 79,4F 1.0 IOI.lF 148.3F m.JF 

' 15!35!00 2J.3K 26.lK 24,31\ 2572 F 1974 F 64.7F ~8.95 O.ln 14B9 F 1424 F 16MF IJO. 9F li2. 4F 9.0 36.6 -4.7n 
500 O.OP 0.4P 6.4P f,!OP I01.6F IOJ,4F 82. 7F 78.1F I. 0 IOI.9F 149.1F m.zr 
15! 37!00 2l.6K 26,JK 24.5K 2623 F 1990 F 64,8F 28.95 o.1n 1493 F 1431 l m.3F IJI.7F 174. 9F 9.0 J6.8 :-.8" 
500 O,OP o.tP ,,., 4, 94P I'02,1F I03.9F 82.6F 78. IF 1.0 I02.6F 149.6F IJJ,8F 

15!11:00 23.6K 26.JK 25.01: 2621 F 19:19 r 65.0F 28.95 0.111 1499 F 1~36 F 195.2F IJ2,lf 176.7F 9.1 36.6 -un 
500 O.OP 0.4P 6.iP 5.00P 102.7F 104.5F 82.0F 78. 3F 1.0 IOJ.2F ISO. OF 134. 2F 



2 5 nRC-RDUHP DEVElOPitEHTAl WASTE P~DCESSIHG SYSTEMS GLASS IURIIA(E AIID CVUDIIE IHCIHE~AID~ 

0024 01 0! Ol 04 05 06 07 OS 09 10 II 12 ll 14 15 16 

100 --GlASS FURHACE POijER---1-------------------------------GAS PARAIIETERS--------------------------------------------------~------1 
200 KU ftP KW DC UtD tMBR II CHSR 12 AHB I ~AR P AIR DR" DFGS II OFGS l2 DLUG 01 ns1 01 EXH Dl DLUG P VNIR DP AIR AHB 

300 
400 1---·····---GAS PARANEIERS fDHI--------t------------------liQUIO PARAitEIERS------------------------------------1 

i ·. 500 02 CURBUS CD C02 HDK HE IHI HE OT RAP 1111 RAP Dl CSIC PH SCRB II Ol6 RIH UHI RIN 

6M -oomoOG-oGo••ooe----------------------------------------------------------------------------------------------------------------

15:41!00 23.6K 26.JK 25.3K 2642 F 2013 F 64. 9F 29.95 o.1n 1498 r 1434 F IBUF m.9F 178.3F 8.9 36,7 -un 
500 O.OP 0.4P '·, 4. 9BP 10l.5F 105.2F 82.7F 78.5F 

'· 0 
IOl.8F m.ar 134.7F 

as:u:oo 2UK 26.2K 25.4~ 261? F 2007 F 64. 9F 28.95 o.tn 1496 F I4JJ r 167.3F m.JF m.•r 9.3 36.8 -4.9" 

500 o.oP O.IP I.IP 4.96P IOl.BF I05.6f 82.6f 78.Jf 1. 0 104. 2f I 50. IF m.or 

IS:4s:oo 2UK 26.2K 25.2K 2629 F 2018 f 64.9F 28,95 0.2H 1498 F am r m.£r IJ3,9F i80.5f 8.6 36.1 -4.2" 

500 O.OP 0.4P 7.0P S.OOP 104.3F 106.4F 82.JF 79. 2F 1.0 104.8F 150.JF US. OF 

n:47:oo 23.6K 26.3K 25.JK 2616 F 2016 F 64.8F 28.95 0.1" 1500 F 14J6 F 182.6F 134. 2F 181. 4F 8.5 36.2 -4. 4H 

500 O.OP 0.4P 7.0P 1.96P IOUF 106.5F 82.3F 78.2F I. 0 I05.2F 150.2F m.Jr 

to I '• 
I 15:49:00 2J,5K 26.JK 25.2K 2636 F 2005 F 64.BF 28.95 0.1" 1499 F 1435 F 197.5F uur m. Jr 8.6 36.4 -4.6" 

I 500 O.OP 0.4f f,2P 5.00P IOS.JF I07.0F 82. 4f . 78. JF 1.0 IOS.Of 150.6F m.GF 
"' ... I 

w 1s:sa:oo 23.4K 26.3K 25.2K 2638 F 2007 F 65.2F 29.95 O.IH 1500 F 1437 F 187.9r m.1r 18l.IF 8.6 36.5 -4.5n 

500 O.OP 0.4P UP S.OOP . I06.1F lOB. IF 82.6F 78.4F I. 0 I06.4F 150. 7F m.9F 

Js:sJ:oo 23.5K 26.JK 25.1K 2607 F 2003 F 65.2F 28.95 O.OH 1500 F 1436 F 193. 4F m.&r U3.9F 8.6 36.2 -4.2M 

500 UP 0.4P 7.JP UDP 106.7F 109.5F 82. 9F 7UF 1.0 107.2F m.or 136,2F 

15: ss:oe 23.4K 26.JK 24.9K 25Bi F 2009 F 65.0F l3~~1F 1o~:~r •ar~,r ·~i~6f 19~:Ar ~~~:Jf IB!:3f aJ2:Jr 36.3 -4.1A 

I 500 O.OP U.4P 1.3P 4. BP 

15:,7:oo 23.5K 26.2K 25.2K 2672 F 2004 F 64.8F 29.95 O.IM 1500 F 1439 f 200.1F m.or IBMF 8.9 36.2 ·4.3" 

soo O.OP 0.4P f.7P 5.00P I07.6F 109.4f 82. 7F 78. SF I. 0 107.9F 150. 8F 136.6F 

n: 59:oo 2J.4K 26.lK 25.3K 2675 F 2012 F 65.1F 28.95 O.OM 1501 F 1438 F 188.6f m.4F IBS.4F 8.5 36.1 -4. 2" 

500 O.Of 0.4f 1.6P 5.04P !08.2F 11.0. OF 91. 9F 78. 7F 1. 0 I08.5f 150.91 U6.9F 

16:o1:oo 2l.4K 26.2K 25.4~ 2614 F 2016 F 65. 2F 28.95 O.IM 1499 F 1434 f 178.4F m.7F 185. 7f 9.0 36.5 -4.JK 

500 O.OP 0.4P l. 9P 5.04P IOB.6F 110. SF 82.8F 79.4F I. 0 I09.1f 150.8F 137.1F 

1o:o1:oo 23.5K 26.2K 25.4K 2655 F 2006 F 65.0F 28.95 0.1" 1502 F 1415 F 190.0F m.9F 196.1F 8.3 36.5 -4. 5" 

500 O.OP 0.4P 1. 9P S.OlP 109. 9F 110. 7F 82.5F 79.4F 1. 0 109.5F 151.4F m.Jr 

16:os:oo 2J.4K 26.2K 25.4K 2635 F 2021 F 64. 9F 29.95 o.m tsoo r tm r 190. 9F 137.0F IB6.3F 9.5 36,0 -4.8" 

I 500 O.OP O.IP UP 5.02P I09.&F III.OF 92. SF 78. SF 1.0 109.6f 151.Jf U7.4f 



2 5 HRC-HOUHO OEVELOPHEHIAl URSIE P~OCESSIIIG SYSIENS GLASS FURIIRC£ RHO (YCLOH[ IHCIHERRIOR 
0014 01 02 Ol 04 05 06 ! 07 09 09 10 II 12 I] 14 IS 16' 
100 ··GLASS FURHRCE POYER---1---------------·---------"-----GRS PARRHEIERS---------------------------------------------------------1 
zoo kU AB kU BC KU CO CHBR II CHBR TZ RHB I PAR P AIR ORH OFGS II OFGS 12 ~lUG 01 HST 01 EXH OJ DLUG P UHIR OP AIR RIIB 
JOO 
400 1····-····--GAS PRRRHEI£R5 COHI·····-··1·······---"-------liQUJD PRRAIIEIERS-----------------------·------------1 
500 ·--~~----~~~~~~----~~-----~~~-----~~~------------~~-~~~--~~-~!-~-~~~-!~!-~~~-~!--~~!~-~~-~~~!.!!.~~~-~!~-~~!-~!~----------------600 

i 

16:o1:oo 23.5K 26.2K 25.4K 2623 F 2018 F 65.0F 2~.95 o.2n 1503 F 1439 f 169.2f 137.2F 186.7F 8.3 36.2 -4.7n 
500 O.OP 0.4P 1.8P 5.04P IOMF 111.5F 82.7F 78.4f I. 0 IIO.OF 151.3f 137.5F 

1 ~6:o9:oo 2J.4K 26.2K 2i.SK 2642 F 2019 F 65.2f j9.95 g.2n 1502 r 1437 t IB6.BF /l7.5F ~~7.jf 1·~ 36.4 -4. 4H 
00 O.OP 0.4P .JP 5.00P iO.IF II .If 82. 9f 78.5 J. 10. 6F J, F 13 • F 

16: II :oo 2l.4K 26.2K 25.4K 2650 F 2013 F 65.JF 2.'.95 0.2H ISOI F 1437 F J72.9F 137.7F IB7.3F 8.1 36.3 ·4,7H 
500 O.OP 0.4P 1.5P 5.02P 110. 5F 112. 4F 82. 9F 78.3f I. 0 II0.9F 151.4f 138.0F 

16: u:oo 23.5K 26.2K 25.5K 2644 F 2025 F 65.or zl!.95 O.IH 1502 f 1434 f 195.5F 137.7f 187.5F 7.9 36.4 -5.1H 
500 o.oP 0.4P I. !P S.04P IDO.BF Jll.6F 82.6F 79.ZF 1.0 IJJ,4F 151.2F 13B.IF 

tll I ! 
I I 16: n:oo 23.4K 26.2K 25.SK 2637 F 2033 F 65.4F 2,. 95 O.IH. 1502 f 1435 F 189.9F 138.1F 187.8F 8.2 36.2 -4.7H 
"' 500 o.or 0.4P '·" 5.02P 111.1F m.zr 82.0F 78.3F 1.0 111.7F 151.7F JlB.lF .... ; . .... 

16:17:00 23.5K n.IF zp.95 26.2K 25.7K 2652 F 2020 F 0.2H 1500 F 1439 f 196. 8F ll8.2F 187.9F 8.1 36,5 -s.3n 
500 O.OP 0.4P t.2P S,04P 1,1.4F Jll,JF 82.6f 78.4f 1.0. IJI,9F 151.7F 138. SF 

16:19:00 2J.5K 26.2K 25.7K 26J8 F 2017 F 65.2F 28.95 O.ZH 1503 F 1436 f 196.5f 138.4f 188.1F 8.6 36.2 -un 
500 O.OP 0.4P "'' 5.08P lli.SF IJ3,4F 82.0F 79.4F 1.0 IJ2.2F 151.4f 138.6F 

• 

' 16:21:oo 2J.4K 26,2K 25.7K 2651 F 20l7 f 65.4F 28.95 O.IH 1502 f 1437 F 192.7F IJ8.7F I88.5F eJ 36.3 -S.Sft 
500 O.OP 0.4P "'' S.OIP 112.or 113.9F ez.5F 78. 3F 1.0 112.5F 152. OF 138. BF 

16:23:00 23.4K 26.2K 25.7K 2655 F 2022 F 65. OF ifs, 95 O.IH 1500 F 1435 f I86.JF J38.7F 198.6F 8.6 36.3 -5.2H 
500 O.OP 0.4P '·" S.06P IU.JF .IJUF 82.5F 78.3F 1. 0 112.6F 151. 7F Jl8.8F 

• 

16: 2S:oo 2J.4K 26.2K 25.7~ 2649 F 20!3 F 65.1F 2~.95 O.OH 1501 F 1435 f 174.4F IJB,9F IS8.8F 8.2 36.4 -s.sn 
500 O.OP O,IP '·" 5,02P J;J2.6F JJ4.3F 82.6F 78.JF 1.0 112. 9F 151. 8F IJ8, 9F 

I 
1t:11:oo 2J.4K 26.2K 25.7K 2656 F 2016 f 65. 2F ie. 95 0.2H 1499 F 143t F 194. ZF m.or IB9.oF 7.6 36.5 -5.7H 

' 500 O.OP O.IP t.7P s.m 112. 7F 114.6F 82.1F 78.Qf 1.0 IIJ.2F m.5F 139.0F 

16:29:oo 2l.4K 26.2K 25.8~ 2652 F 2010 f 65.0F 18.95 O.JH 1500 F 14JS F 1eo." m.JF 189. 2F 8.4 36.2 -5.6ft 
500 O.OP O,IP 9.6P 5.00P lil2. 9F 114. 9f 82.lF 78.3F 1.0 113.5F 151. 8F Jl9,1F 

h:ll:oo 2l.4~ 26.2~ 25.8~ 26~0 F 2022 F 64.8F z:e. 95 O.JH 1496 f 14l2 F 196.4F ll9.1F 189.3F 8.2 36,2 I ·5, 9n 
500 O.OP O.IP 9.iP S.OOP lill.Of 115. OF 82. <F 78.0f 1.0 113.6f 151.8F JJ9.1F 



tJj 
I 

"' ... 
Ln 

2 S HRC-HDUHD DE'JHDPIIEIHRL IIASTE PROlESSIHG SYSTEMS GLASS FIJPIIRlE All~ tVCLDIIE IIIUIIE~RIDR 
0024 01 02 Ol 04 OS 06 07 09 09 10 II 12 13 14 . 15 1 16 100 --GlASS FURHRCE PDWER---t------·------------------------GRS PRRAHEIEPS----------------------------------------------------r----1 
200 KV AU kU BC KU CO tflBR II CHBR 12 AMB l BAR P AIR ORM DfGS II OFGS 12 OlUG 01 HSI 01 EXH 01 DLUG f VNIR DPIA(R AHB • • 

400 · 1-----------GAS PARAAEIUS tDHT --------t------------------UOUID PR~A11EIERS---- --------------------------------1 
500 02 CDNBUS CO C02 HDK HE IHI HE 01 RAO 1111 RAO OT CSTC PH SCRB II DLG Rill UHI RTN 
600 --------------------------------------------------------------------------------------------------------------------------------

16:JJ:oo 23.4K 26.2K 25.9K 26l2 F 2016 f 64.9F 28,95 O.IK 1499 f 1436 F 169.7f IJ9.3F 189.6F 8.4 36.6 -5.6ft 
, 500 O.OP 0.4P 9.9P 5,02P IU.4F IIS.JF 82.~F 79.3F 1,0 113.8F 151.7F 139,3f 

16:Js:oo 2l.5K 26,3K 25.9K 1790 F 1936 F 65.2F 28.95 O.IH 1353 r 1318 F 145.9F lll.SF 179.1F 9.2 13.1 -6.1H 
500 O.DP 0.4P 8.9P 0.62P IIJ.5F 113.8f 82.2f 78.4F 1.0 lll.9F 14l.OF 120.4F 

~~~lr:oo 2~::: 2:::: 2~::~ ~~~~~~ 1938 F 65.4F ~~i;if 11 ~::~ 'i~~~: '1:~,: IJ~::r I:J:~: /i~::f 12~::r 11.3 .-?.B" 

16:39:00 23.7K 26.5K 29.111< 1752F 1930F 65.1F 28.95. 0.2M 132JF 129lf IJUF lli.OF 165.6F 9.1 11.1 -5.9n 
500 O,OP 0.4P 0.5P 0,64P IIJ,5F 112,6F 81.1F 77.9f 1.0 114.1F IJ9,0F 124.6F 

16:41:00 2J,9K 26.6K 25.8K 1?35 F 1912 F 64.3F 28.95 O.ln 1313 F 1277 F IJ3.7F IJO.IF 162.0f 8.8 11.1 -6.7" 
500 O.OP 0.4P 9.2P 0.62f lll.IF 113.2F 81.7F 77.6F 1,0 114.1F IJ8.7F 12J.9F 

16:43:00 24.1K 26.7K 25.9K 1714 F 1903 f 63.6F 29,95 O.lft 1313 f 1270 F IJJ.2F 129.9F 159.2f 8.9 10.9 -6.2" 
500 O.OP 0.4P 9.0P 0.60P m.4F 113.5F 81.4F 77.6f J,O 114.0f IJ8.2f 123.6f 

16:45:00 24.1K 26.7K 25.mK I?OJ F 1888 F 
~00 O.OP 0.4P 9.0P 0.58P 

6J,OF 28.95 O.OH IJ05 F 1265 F IJJ.!F IJO,OF 157.1f 8.8 
IIJ.JF IIJ.4F BI,JF 77,4F 1.0 114.1F IJ7.0F 123.SF 

11.0 -6.7" 

16:47:00 24,JK 26.7k 25.~ I69B F 1888 F 
500 O,OP 0.4P U.9P 0,56P sMr ff~~ir uY:fP 'ir~~f •n~2f uur UJJf UUr nUr 11.0 -6.8N 

16:49:00 24.5K 26.8K 25.~ 1679 F 1874 F 6t.7F 28.95 O.IH 1299 F 1256 F ll2.9F 129.5f 15l.SF 8.9 10.9 -6.3" 
500 O.OP 0.4P 9.JP 0,58P PU.5F IU.IF BI.IF 77.0F 1.0 IIJ.6F m.SF Ul.IF 

16:51:00 24.5K 26.8K 26.0K 1670 F 1963 F 61.4F 28,95 O.OM 1296 F 1256 F IJ1.6F 129.2F IS2.2F 8.9 11.0 -6.7N 
500 O.OP 0.4P t.lP -0.02P 112.0F 112.1F 80.6f 76.7F 1.0 IIJ.IF ll6.0F 122.7F 

16:53:00 24.6K 26.9K 26.11: lo60F IBSIF 60.BF 28.95 O.OM 1290f 1452F IJI,6F 120.6F ISI.IF 9.0 10.9 -6.7" 
500 O.OP 0.4P 7.9P O.OOP 111.7F II1.7F Bl.lf 76.7F • 1.0 112.7f 136.2F J22,0F 
16:Ss:oo 24.7K 27.0K 26.1V. 1653 F 1851 F 60.4F 29.95 O.OM 1299 F 1252 F IJO.UF 118.2F 1~9.9F 9.0 10.9 -6.9A 
500 UP 0.4P 1.4P O.OOP lll.lF III.BF 90.6F 76.9F 1.0 112.JF 136.1f !21.6F 

16:57:00 24.9K l?.IK 26.2K 1307 F 1987 r 62.2F 19.95 O.OM 1162 F 1179 F 116.0F 128.1F 146.7F 0.4 0.1 -6.6" 
500 O.OP 0.4P 7.9P -O.OlP 110.7F III.IF S0.9F 76.9F 1.0 111.9F 116.1F 115.0F 
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HRC-HOUHO DEVElOPitEIIIAl liAS IE P~OCESSIHG SYSTEIIS Gl\155 FUR HAlE AIIP C'IClOIIE I tiC IHERRIOR 
01 02 OJ 04 OS 06 07 .109 09 10 II 12 13 14 15 16 

--GlASS FURHACE POUER---1----------------~---------l----GAS PARAHEIERS---------------------------------------------------------1 
KV AB kV BC KV CD CHSR II C~BR 12 AHB I BAR iP AIR DRH DFGS II OFGS 11 OlUG 01 ~51 01 EXH 01 OlUG P VHIR OP AIR AIIB 

I 1-----------GAS PARftHEIEIS £0HI--------I··---------"------li0UID PARAHEIERS------------------------------------1 
02 COHBUS CO C02 HDX HE 1111 HE 01 RAO 1111 RAP Of tSIC PH StRe II DlG RIH UHf RIH 

----··-------------------··------------------------ ----------------------------------------------------------------------------
24.7K 26.2K ~120 F 72.7F 2BJ95 I.BH 1036 F 1016 F IU.71 131.91 134.1F -0.~ -0.4 -6.JH O.OP o.4P ~-~~ :!:_o• <H:c. rN-,3t~PA~-.3r 97,41 7B.IF 75.71 I. 0 101. 9F .112. I 112, f 

24,7K 26.3~2149 F 75.0F 2BJ95 2.4H 1006 f 996 I 116.01 132. 9F Ill. 71 -0.1 -0.4 -6.7H o,op 0, 4 05. 2P 4.16P 51"r"' C. II<: 9~. 7F 94.1F 79,0F 75.51 •• 0 97.9F I09.0F 111,21 

(11L•$1l077cW 

W-a7f-b~ ·c..., 

; IURHACE RHO CYtlOHE IHCIHERATDR 
09 10 II 12 ll 

"ARAHETERS-------------------------------------
kU AI KV BC KV to CHBR II CHBR T2 AHB I BARif {AIR URN OF65 II OF65 12 ~lUG 01 HSI Of EXH Of OlUG P UHTR OP ftiR AIIB 

1----·------GAS PARft"EIUS tOHI--------1----,-----J·-----liOUID PARAHETERS------------•-----------------------1 
02 CDHBUS CD C02 HDK HE lmr HE DT RAP IHT RAO 01 me PH SCRB IT OlG RTH UHT RIH 

••••••••••••••••••••••••••••••··~~••••••••••••••·--m------~--~---·•••••••••••--•••••••••••••••••••••••••••••••••••••-••••••••••• 

10;25;35 27.1K 25.8K 24.4K 1609 F 1814 F 63.7F 28J95 3.5H 1214 I 1153 F :o3.51 I03.7F 81.6F 12.8 41,0 58.8H 
500 ·6,lP -l.lP 1.9P O.l2P 48.PF 48.0F 76.6F 71.61 1.0 49.91 90.5F 67.7F 

., 



l ~ HRC·HOUHO DEUELOPMEHIAL VRSTE PP.OCESSIHG SVSIEMS GLASS fiJRHAtE AH~ C'ICLOIIE 1Hf111E~ATDR 

0029 01 Ol Ol 04 05 06 07 08 09 10 I 12 ll 14 15 16 

' 100 ·-GlASS FURHACE POVER---1-------------------------------GAS ~A~AHETERS-------------------------------------------·-------------1 
200 kU AD kU ec nco CHBR II CHBR 12 AMB I BAR P AIR O~M DFGS Tl DFGS 12 t•lUG 01 MST DT EXH 01 ~LUG P UHTR OP AIR RIIB 
JOO 
400. t··· -····---GAS PARAHE IE R S C OH T ---• ---·1----·----- --~- --- -ll DU I D PRRRI1E TERS-----------------------------------·I 
500 02 COM BUS co C02 HDK HE IHI HE 01 RAP IHI RAP DT CSIC PH SCRB II DLG RTH UHT RIH 
600 ~--------~----------------------------------------------------------------------------------------------------------------------

Jo:z,:oo 27.1K 2UK 24. SK 1573 F 1779 F U.IF 28.95 J.l~ 1112 f 1159 f 104.2F IOI.IF e1.Jr Jl,' 41.7 59.on 

500 -6. 3P -1. 3P 2.0P o.m 49.~F 41.7f 76. 3f 71.6F I .0 49.4F 96.0F 70.6F 

1o:2o:oo 26.6K 25.9K 24.5~ 2587 r 1942 r 50.4F 28,95 1.9M 14ll F 1343 r llO. Sf 101. 6F I06.2F 11.3 43.1 59.1A 

500 ·6.3P -I. JP · l.OP 0.32P 50.5f 49.3F 76.1f 71. 5f I. 0 50.5F m.7F 90. 9F 

IO:lo:oo 25.5K 26,1K 2MK 2394 F 1891 F 59.3F 28.95 J,Jn mo r mer 159.1F 103.4F m.JF 10.2 43.2 59.en 
500 -S.JP ·I. JP 2-0P O.I4P 52.0F 51. 2F 76.8F i1.9F 1.0 52.0F m.or 90.5F 

1o:u:oo 2UK 26,2K 24.6K 2291 F 1866 F 59.8F 28,95 I.OM 1427 f 1363 F m.!f IOUF 126.0F 8.2 43,0 60.4K 

500 ·6,3P -l.lP 2.0P 0.02P 53. SF 52.9F 7£.9F 71. 9F 1.0 5l.4F 141. JF I02.8F 

10:34:00 25.SK 26.JK 24.6K 2556 F IB9l F 60.2F 28.95 \ 0.9" 1451 F 1384 f 136. 9F 106.0F m.JF u 43.4 so.m 
IJj ' 500 ·6,3P -1. 3P o. 9P 0.02P 55,1f 54.7F 76.6F n.or 1.0 54.8F i4J.SF I06,5F 

' I ; 
N 

""' I 1o:Js:oo 25,5K 26.JK 24.7K 2500 F 1876 F 61.7F 28,95 0.6H 144£ F 1391 F m.sr I07.1F U7.7F u.o 43.3 61.4" 
...., I 500 -i.lP ·!,3P UP 0.02P 1 56.6F 56.6F 77, JF 72.2F 1.0 56,JF 144.0f I00.5f 

ao: Je:oo 25. 5K 26. 4K 24.8K 2l9J F 1869 F 62. F 28,95 0.7" 14l8 F IJ76 F m.or I 07. 7F 142.1F e. 4 4l.O 61.6" 

500 -6,3P -!,lP o.GP o.m 58. SF 59. 7F 77.6F 72.5F 1.0 59.1F 144.SF I09.4F 

I0:4o:oo 2z.4K ~t:i~ 21:~ zt?a~~ 1829 , GMF 2fo?lr ,Y:tV 1Wsf ~~~!sf ur:ar 12&:8f UUf uoUr 42.7 62. 2" 

500 - .3F 

10:42:00 25.4K 26.JK 24.8K 2462 F 1830 F 6l.6F 29.95 0.5M 1m F 1374 F m.7F I08.8F 149.2F 8.1 42.6 62.1H 

500 .,,, -I. Jf I.&P 0.02P 62.8F 63.if 77.6F 72.6F I. 0 62.1F 144.6F I09.6F 

. ' 
' IQ:H:oo 25.5K 26.JK 24.9K 2566 F 1849 F 64.JF 28.95 0.5" 1440 F 1379 F w.or 110. 5F ISI.BF 8.5 42.5 62.0K 

500 ·6.3P -u. JP 10. 7P 2.18P 65.4f 66. JF 77.5F 72.9F 1.0 64.5F 146.2F 112.5F 

10:46:00 25.5K 26,JK 25.0K 2434 F 1837 F 64.0f 26.95 O.SM 14l0 F 1371 F 14l.9F Ill. SF JS4, 4F 8.4 42.1 61.6H 

I 500 ·6,JP -i,JP !.SP o.m 67. 9F 69.0F 78.0F 72.8F 1.0 66. 9F m. or m.6F 

ao:1a:oo 25,5K 26.5K 25.1K 2J79 F 18l7 F 64.5F 28.95 0. SM 1427 F 1366 F m.sr m.7r 156.6F 9.1 n.1 61.0" 

500 -6,3P ·1,3P U.BP U6P 70.5f 71.4F 77.8F 72.6F 1.0 69.JF 146.1F II 4. 7F 

10:4o:JJ 2S.5K 26.4K 25.1K 2282 F 183£ f 6UF 29.95 D. 4M 1428 f 1369 f 149.9F l!l.IF 157.2F u 42.0 61.0" 

500 ·6,lP ·I .lP 94.0P 4.90P 11.4F ~2.6F 77.SF 72.8F 1.0 70. 2F 146. 4F m.oF 



2 5 nRC-nOUHD DE'IELOPHEHTAL VASTE PROCESS I HG SVSlEHS GLASS FURHACE AIID CYCLOHi IHCIHERATOR 
DOlt 01 01 03 04 05 0& i 07 09 09 10 II II 13 14 15 'I& 
100 --GLASS FURHAtE PDVER---1-------------------------------GAS ~RRAtiEIERS--------------------------------------------------··-----{ 
100 ~U AI U BC nco tnBR Tl tnBR T2 AHB T BRR P AIR URn OFGS Tl OFGS T2 l'LUG OT nsT ill EXH 01 DLUG P UHTR DP AIR AIIB 
lOO i 

lOO 1·······•-·-GAS PARAnEIERS tOHI-------·1··----------------LlOUID PARAHEIERS------------------------------·--·-·1 
500 02 con sus co C02 HOX HE IHI HE 01 RRO IHI RRO 01 tSit PH StRB II DLG RIH UHT RTH 
&00 -·---------------------------· .. ---------·---------1---------~--------------------------------------------------------------------I 

1o:5o:oo 25.5K 26.5K 25. 2K 2JOJ F 1825 F 65.1F llM5 o.4n 1419 F 1360 F 199.1F lll.6F ISMF 7.5 41.6 60.4H 
500 O.OP 0.5P 4.0P 3.UP ;70.IF n,8F 79.Jf 73.0F I. 0 12.1f 145. 5F 115.6F 

10:52:00 25.5K 26.6K 15.JK 2220 F 1801 F '5.9F .~8.95 0.4H 1410 F IJ5l F 150.6F lll.4F 160. JF 9.0 41.4 &o.ln 
500 O.OP 0.3P "'' l.OOP 112. IF 7l.OF 78.0F 73. IF 1.0 71. 2F 145. 9F 115.2F 

1o:s4:oo 25.5K 26.6K 25.5K 2610 F 1870 F 66.2F t8. 95 0.4H 1447 F 1393 F 147. 2F 116. OF 162.0F 7., 41.6 ,,2n 
500 O.OP 0.3P 4. 3P 4.40P i71,6F 74.4F 77, 9F 73. 2F 1.0 72. 9F 149.1F 119. 4F 

I0:56:oo 25.5K 26.6K 25.~ 2596 F 1857 F 65.9F 28,95 0.3n 1444 r 1393 r 199.4F IJ6,0F I63.5F 7.2 41.5 59.0H 
tJj 

500 O.OP 0,3, 3. 7P 4,06P !71,1F 74. 7F 78.4F 73.3F 1.0 72.4F 147, 9F 118. 2F 
I 1o:ss:oo 25.4K 26.6K 25.6K 269J F 1878 F 65, 9F 29.95 o. 4n 146J r 1m r 199.8F 116.1F 16UF 7.5 41.4 57.2n N ... 500 O.OP 

(X) 
O.JP 3,4P 3,88P !71.JF 75,0F 78. IF 7l.IF 1.0 72.4F 149.JF liB. OF 

u:oo:oo 25.4K 26.6K 25.7K 2676 F 1991 F 66.0F 29,95 o.4n mo r 1394 r 172.5F 116. 9F 1~ur 7.1 40.9 ,6, Jft 
500 O.OP O,JP ·1.4P ·0.18P j71,8F 75.6F 78.0F 72.9F I. 0 72.9F 149. 9F 119.1F 

11:02:00 25.4K 26.6K 25.7K 26JB F 1976 F 65,8F ll8.95 O.JH 1457 F IJ9J F 157.5F 116.9F 166.8F 6.9 40.2 5Mft 
500 O.OP 0,3P J.SP 4.26P ]72.7F 76.6F 71. 7F 72.9F I. 0 13.5F 148. 8F 119.0F 

11:04:00 25.4K 26.7K 25.8K 2557 F 18£9 F n.4F ~8.95 o. 3n 1449 F ll97 F 160.0F m.oF 167, 7F 7.4 40.1 54.5n 
500 O.OP O,JP 3,2P 4,16P ]73.7f 77, 7F 78.0F 72. 7F I. 0 74.4F 149, IF 119. OF 

i 

11: o,;:oo 25.4K 26.7K 25.9K 2566 F 1859 F 65.5F 29.95 0.4H 1446 F naJ r 193." 117, 4F I~B.SF 6.8 41.1 sJ.5n 
500 O.OP 0.4P J.IP 3.94P I75.1F 79.0F 77, 9F 72.9F 1. 0 75.6F 148. SF 119. 4F 

u:os:oo 15.4K 26. 7K 25.8K 2626 F 1860 F 65.8F 28.95 0.4H 144£ F 1334 F m. 4F IIB.IF 169. 2F 7.0 40.5 s2. 1n 
500 O.OP 0.4P J.IP 4.08P I76,5F 80.4F 77.lf 72. BF I. 0 i6.9F 148.JF I20.2F 

11:1o:oo 25.4K 26.8K 25.8~ 2614 F 1965 F 66,0F 18.95 0,4H 1450 F 1396 F 188.1F 118. 7F 170.0F 7 .I 4o.5 ,I,Jft 
500 O.OP 0.4P 2.6P 4.16P i78.1F 82.0F 78.0F 72. 9F 1.0 78.JF 148.5F 110.7F 

u:u:oo 25,4K 26.9K 15. 9K 256J F 1855 F 66.1F 28.95 0.6N 1443 r 1330 .F IBJ. 2F m.JF 110.6F 7.J 40.0 50.1H 
soo O.OP o. 4P l.SP 4,02P 79.iF Bl.tF 77.8F 72. SF 1.0 79.7F 148.4F 121.1F . 

11:14:00 2S.4K 26. 9K 2S.3K WJ F 1861 F H.JF ~B. ~5 o.w 1445 f m1 .r 19S.9F 120.2F 171. SF 7.5 39.9 49.sn 
500 O.OP o. 4P J.OP 4.0lP 'Bl.OF 85.1F i8. 4F n.zr 1.0 BI.BF 148.8F m.1r 



2 5 RRC-RDUHD OEUELOPnEHIAL IIRSTE P~DCESSIIIG SVSTEilS GLASS FURHRC£ AHP C'/ClOH£ lllliHERAIOR 
0029 01 02 OJ 04 OS 06 07 OB 09 10 II 12 13 14 15 16 

100 --GLASS FURNACE PDUER---1-------------------------------GA> PRRRHEIERS-------------------------------------------~-------------1 

200 KY RB KU DC KU CD CRBI II f"BR 12 AHB I BAR P AIR O~H OFGS II DfGS 12 ~LUG 01 HSI 01 EXM 01 DlUG P UNIR DP RIR·AHD 
300 
~00 1·--·-····--GAS PARAREI[RS tOKI-------·1------------------LIQUIO fRRRitEIERS------------------------------------1 
500 02 cuneus CD C02 HOK HE IHT HE 01 RAP IHT RRO 01 CSTC PH SCRB IT DLG RTH UHI RIH 
600 ~~------~----------------------------------------------------------------------------------------------------~-

-----------------

11:16:00 25.5K 26.9K 2S.9K 2589 F 18t2 f 66.9F 28.95 0.4M 1146 F IJDS r 182.0F 121.1F 172.1F 7.2 39.9 49.1M 

500 Q,Of O,IP 2.7P 4.22P 84.0F 87.4F 70.0F 7J,4F 1.0 9J.5f 149.2F m.er 

II: 18!00 2~.4K 26.9K 23.9K 2534 F 1971·F U.9F 29.95 0.2A 1m F 1393 f m.sr 122. 4F 172.6F 7.6 39.8 47.7" 

500 o.or 0.4P J.2P 4,24P 96.9F 99. IF 78.JF ll.lF 1.0 85.9F 149.1F m.Jr 

u:ao:oo 25.4K 26. 9K 25.9K 2514 F 1865 F 66. 9F 29,95 O.lK 1448 F 1386 F m.sr U4.0F 173.3F 6.7 39.5 46.6M 
500 O.OP 0.4P J,Zf 4.22P 89.4F 9l.4F 78.7F il.lF 1. 0 · 88.5F 149.2F 12MF 

' u:n:oo 25.5K 26,9K 26.0k 2657 F 1859 F 66,1F 28.75 O.SM 1448 F 1384 f m.9F 125.3F 17MF 6.9 39.6. 46.0" 
500 O.OP 0.4P UP 4.24' 91.6F 94.2F 78. 7F 73. 4F 1.0 90.9F I49,9F 127.2F 

trJ • 11:24:00 25.4K 27.0K 25.9K 2372 F 1839 F 66.JF 28.95 0.5" 1434 F 1373 F 190. lF 126.1F 114.4F u 39.7 4Mn 

I : 500 O.Of 0.4P Mf M6P U.4F 94. 9F 78.3F 73.JF 1.0 92,7F 145.6F m.ur 
N I 

""' 11:26:80 25.4K 27.1K 25.8K 2361 F 1839 F 65.8F 28.95 o. sn 143£ r 1377 F 155.0F m.1r m.or 6.1 39.2 44. 3" 

'"' • 500 O.Gf 0.4f l.OP UOP 94.8F 96.2F 78.0f 73.3F 1.0 94.JF 145.4F 128. 7F. 

11:2e:oo 25.4K 27.1K 25.9K 2548 F 1984 F 65, 7F 28. 9S o.4n me r 1387 F 196. 6F 129.6F 175.7F 6.9 39.1 43.2" 

500 o.or 0.4P MP 4,40P 96.0F 97, 7F 79.4f 73.4F I. 0 95.8F 149.4f UO,If 

u:Jo:oo 2S.JK 27,1K 25.9K 2657 F 1895 F 65.7F 28.95 r· ." 14~8 r '1J!zf 18f:aF 1i1:6f l~t:~r 1s8:~r 38.8 42.7n 
500 O.OP o. 4P 4.5' 4, ;or 97, SF 9 • 7F 7 , 9 

u:12:oo 25.4K 27,2K 2~.9K 26Jl F 1893 F £6.0F 29.95 0. SM 1461 F mJ r 199.3F l30.2F m.sr 6.5 38.9 41. 7" 
500 o.or 0.4f 4.3P 4.6BP 98,9F ,,9F 78.6F 73.6F 1. 0 99,4F 151.2F 131, 8F 

u:J4:oo 25.4K 27.2K 26.0K 2623 F 1897 F £5.9F 28.95 0.5M 1458 F m1 r 195.6F 130. 9F m.Jr u 39.1 4J.In 
500 G.Of 0.4P 4.2f UBP 99.8F 100.9F 79.1F 7l.£F I. 0 9MF 151. JF m.Jr 

u:JG:oo 25.4~ 27.2K 25.9!i 260l F 1993 f 65.5F 28,95 0.5H 1460 F IJ?J F 201.4F UI.5F 177.BF 6.2 39.9 40.JH 

500 o.or 0.4P J,OP 4.m 100.6F 101, SF IO.IF 73. if 1.0 IOO,Sf 151. 4F m.;r 

11: se:oo 2MK 27.1K 25.9K 2614 F 189t F 65.2F 28,95 0.4M 1451 F 1396 F I%.6F lli.6F m.Jr u JU lM" 
500 O.OP O.lr MP 4.3BP JOI.JF 102.0F 78. JF 7l.6F 1.0 IOI.JF 151. 2F lll.BF 

u:•~:ou 25.4K 27.1K 25.9K 2629 F 1979 r 64.~F 28.95 0.511 1452 F m1 r 2QI.2F m.zr 178.BF 6.2 39.9 lU" 

50U o.or O.IP 3.9P 4.5oP I01.4F 102,9F 77. 9F 7J. 4F 1.0 I02.1F 151.4F m.JF , 



2 ' "RC-"OUHO OEUElOPHEIIIRL URSIE P~OCESSIHG SVSIEIIS GLASS FU~HACE AIID tv~LDHE II!WIERRIOR 0029 01 02 OJ 04 OS 06 o7 08 09 10 II 12 ll 14 15 16 100 --GLASS FURNACE POUER---1---------------------------L---GAS PARAHEIERS---------------------------------------------------------1 200 KU AB KU BC KU CO tHBR II ("SR 12 RHB T FAR P AIR O~H OFGS II OFGS TZ Dlll6 01 HSI 01 EXH 01 DLU6 P UHTA DP AIR RIIB JOO ' • 400 1·----------GAS PARAHEI£RS CDHI-------·1------------l-----LIOVID PARAHEIERS------------------------------------1 500 02 COHBUS co C02 HOK HE IHI HE 01 RAO IHT RAP 01 CSTC PH SlRB IT DLG RIH UHI RIH 600 ----------------------------------------------------~---------------------------------------------------------------------------! 
u:n:oo 2S.4K 27.1K 25.9K 2219 F 18~6 f ' 64,8F 28.95 0.6H 1441 f 1379 f m.er m.2r 179.2F 6.5 J7.8 J8.5H 500 o.or o.cr 4.2P 4.22P 102j8F IOJ.6F 78.1F 7l.5F 1.0 I02.8F 151.2F UJ.Jr 
u:H:oo 25,4K 27 .IK 26.0k 2574 r 1797 r 65,1F 29. !IS 0.7H Ul7 f IJS9 f 176.JF 127.9F 179.5F 7.2 38.7 37.6H 500 O,OP o.4r. 7 .IP 0.06P JOlt 4F 104, 4F 77.8F 7l.JF I. 0 IOJ.4F 145.2F m.sr 
11: 46:oo 25.4K 27.1K 26.1K 2726 F 1882 f 6MF 28.95 0.5H 1452 F IJ84 f 198,0F IJJ,JF IBD.JF 6.1 J9.1 J6,9H 500 O.OP 0.4P r.2r 5,08P 10Cl4F IOS.JF 77. 9f 7J.6F 1. 0 I04.JF 151.7F IJ4.1F 

! 
11: c8:oo 25.JK 27.0K 26.2K 264J F 1894 f 66.4F 28.95 0.5H 1462 F IJ98 F 198.SF 134.1F 180.8F 5.4 J8.5 J6,4H 500 O.OP o.4P 6.3P '·"' IJ:j 105j4F I06,8F 78.4F 7J.6F I, 0 105.1F 152.1F IJS,IF 

I u:so:oo 25.JK 27.0K 26. 2K 2696 F 1891 F · 66. 9F 28.95 0.5" 1462 F IJ99 F 198.1F IJ4.SF 181.2F 6.1 39.1 J5.6H "' lJ1 500 o.or O.IP 5.5P .. "' I05l9F 107.5F 78.2F 7J.6F 1.0 I06.0F 152.JF IJ5.6F 0 ' 
II: 52:00 2'-4K 26.9K 26.JK 2676 F 1880 F 67.1F 28.95 0.6" 1460 F IJ99 F 200.8F IJ4.9F 181.7F 6.1 ]8.9 J4.9H 500 O.OP o.4P 5. 7P 4.60P 106i6F IOB.4F 78.5F 73.5F 1.0 I06.7F 152,5F IJ5,8F 
11:54:00 25.4K 26,9K 26.JK 2719 F 1886 F U.8F 28.95 8.6" 1459F IJ97F 2DI.2F IJ5,1F 182.1F 6.2 J8.7 Jt.Jn 500 O.OP O.IP 5.2P MOP 107 JOF I08.6F 78.5F 7J.5F 1.0 I07,2F 152.6F JJ6.0F 

I 

11:56:00 25.JK 26.9K 26.3K 2565 F 1895 F U.4F 28,95 0.6" 1452 F IJ92 F 197.7F IJ5.3F 182.5F '·' ]8.6 JJ.B" .500 O.OP O.IP S.SP I.UP I07J7F 109.2F 78,4F 7J.5F 1.0 I07.7F 152.5F IJ6,1F 
/ ' ! . u:s8:oo 2S.2K 26.9K 26.JK 2649 F 188J F 66.0F 28.95 0.5" 1456 F IJ95 F I69.8F IJ5,5F 182.9F 5.6 J8.6 JJ.OH 50.0 O,OP o.4P '·'' 4.42P IOBW IIO.OF 78.6F 7l.2F 1. 0 I08.2F 152.5F IJ6.JF 

u:oo:oo 25.2K 26.8K 26.4K 2669 F 187J F "·'' za.h 0.6H 1451 F IJ90 f 199.7F IJ5.7F IBJ.IF 6.0 J8.4 JUH 500 O.OP o.IP 6.4P I.JlP 108J6f 110.8F 78.2F 7J.5F I. 0 I08.6F 152.SF m.4F 
' u:oz:oo 25.2K 26. 9K 26.JK 267J F 1981 F 65.2F 28.9~ 0.6H 1451 F 1392 f 191.7F 135.9F 18l.7F 6.6 JM JI.Bn 

500 O.OP o.4P 6.0P I.J8P I08J~F 110.9F 78.0F 7J.4f I. 0 I09.0F m.sr IJ6,6F 

u:o4:oo 2S.IK 26.9K 26.41: 2666 F l8e6 F 65. 3F 28.15 0.6" 1449 F 1389 F 199.8F ll6.1F 184.0F 6.0 J9.4 JI.Zn 
500 O.OP O.IP 6. 2P 4.28P 109JJF 111.4F 78.lF 7l.9f I. 0 I09.4F 152. BF ll6.8F 

11:o,;:oo 25.2K 26.9K 26.4~ 2654 F 1880 F 65.4F 2B.15 0.6" 1450 F mo r 2oo.6F IJ6.2F 184.5F 5.7 J9.2 30. 4n 500 O,OP 0.4P '·" I, 20P 109,7F III.~F i8.~F 7l.7F 1.0 I09.7F I52.7F m.9F 



2 5 HRC-MOUHD OEUElOPilEHIAl YASTE fROlESSIHG SVSTEII> GLASS FU~HA[£ AH~ l'ltlDIIE IIIWIERRIOR 

002~ 01 02 Ol 04 05 06 07 08 09 10 II 12 13 14 15 16 

100 ·-GlASS FURHACE POYER---1-------------------------------GAS PARAHEIERS-------------------------------------------~-------------t 

100 KY RB n ec kU CD CKSR II tn~R T2 All9 I SAR P AIR OR" OFGS II OFGS 12 ~LUG 01 ns1 01 EXH 01 DlUG P UHIR DP AIR RIIB 
lOO 
~00 t··-·······-GAS PARAMETERS CDHI------~-1------------------LIOUID PARAilEIERS-----------~------------------------1 
500 02 CUM BUS CD C02 HD~ HE IHT HE 01 RAD !til RAD 01 CSIC PH SCPB IT DLG RTH UHI· RIH 
600 -~-~--·---~----------------------------------------------------------------------------------------------

-----------------------

u:oa:oo 25.2K 26.9K 26.4~ 2607 F 1855 F 65.BF 28.95 0.6" 1447 f 1386 F 194.5F 136. 2F IBUF 5.7 39.8 29.911 

SOD O.OP o. 4P 6.4P 4.12P IIO.OF 112.2F 78.6F 7l.6F 1.0 IIO.IF 152.5F m.er 

u: w:oo 25.2K 26. 9K 26.4K 2522 F 1854 F £6.4F 28.95 o. sn 1439 r IJBI f 198. 9F IJ6.4F IBS.OF 5.4 39.0 29.1" 
500 O.OP O.IP 6.4P J. !&f 110. 4F m.sr i8.5F 7J.7F 1.0 II0.6F m. 4F 136. 8F 

u: n:oo 25.JK 26.9K 26.4K 2580 F 1859 F 66.5F 28.95 0.5" 1433 f 1375 F 195.4F IJ6.3F 185, IF 5.7 39.8 28.5" 
~00 O.OP 0.4P 7.0P l.90P 110.6F 112.9f 78.7F 7J.5F I. 0 110. 8F m.JF m.9F 

u: 14:00 25,JK 27.1K 26.5K 2525 F 1834 F 66.2F 28.95 0.6M 1437 F ll7B F 199.2F m.4F 185.4F 3.$ 38.9 27.4" 
500· o.or 0.4F 7.0P 3.86P I 10.9F Ill. IF 78.4F 73.5F 1.0 III.OF 152.1f m.ur 

tJj 
1 

u: 16:oo 25.4K 27.1K 26.5K 2592 F 1943 F GG.IF 28.95 un 1m F ms F 198.2F m.sF 185.7F 5.8 . 39.2 26.7" 

' ' 500 o.or 0.4' 7.2P 3. 92P IIB.4F IU.SF 78.3F 7J.5F 1.0 Ill. SF 152.1F m.DF 

"' Ul ' ,_. ' n: 1o:oo 25.4K 27.1K zs.SK 2592 r 1843 r 66.2F 28.95 0.5K 1433 F 1373 F 197.7f IJUF m.or 6.2 40.0 25.7" 
500 @,Of 0.4P e.JP UOP 111.6F 113.7F 78. 7F 73.4F 1.0 III.BF 152.2F 137.1f 

n:zo:oo 25.4K 27.2K 26.6K 2575 F 1838 F 66. 2F 28.95 o. 4n 1434 r 1377 F 200.0F IJ6.9f UG.2f 6, I 41.2 25.0" 

500 O.OP 0.4P 9.0P M2P m.DF IIMF 78.6F 73.6F 1.0 112.1F 152.3f 13f,4F 

I -· 
•I u:n:oo 26.JK 26.9K 26.9K 2547 F 1839 F sG,IF le.95 o.4n 14i'-F 1~71 F nur m:Jli~U, uJ:~r 41.4 24.8" 

I 500 O.OP 0,4P 9.3P 3.12P 12.JF 114.2F 7 .7F 3.5F 
I 

12:24:00 26.2K 27,0K 26.9K 2676 F 18~5 F 65.9F 29.95 0.4" 1448 F ll8& F 206.1F U7.9F JU6.JF 6.1 41.4 23.9" 
500 O.OP O.IP MP 4.60P m.sr ftii.4F 78.lf 73.5F 1.0 112.6F 153.1f 138.4F 

12:26:oo 26.2K 26.9K 26.9K 2663 r 18£9 r 65.6F 28.95. 0.3" 1450 F IJ91 f 204.5f m.or m. Jr u 41. 7 2J.sn 
I 500 O,OP 0.4P 9.5P M9P 112.6F 114.5F 79.6F 7l.5f 1.0 112.9f 153. 2f ll8.6F 

·' 12:2e:oo 26.2K 26.9K 26.9K 2587 F 1858 f 65. JF 2B. 95 0.4" 1450 F mo F 204. IF llB.IF 186. 4F 5.9 41.3 22.5" 
500 O.OP 0.4P 9.0P 4.52P m.7r 114.7F 78.2F 7l.7f 1.0 m.9F 153. 2F ll8.6F 

u: Jo:oo 26.4K 26.9K 26. 7K 2601 F 1865 F 65.6F 28.95 O.~M 1~43 F 1387 F 200.3F IJ8, OF 186.5F 6.2 41.6 21.8" 

' 500 Q.OP 0.4P 9.4P 4.JOP 112, 9F 114.Bf 78. Bf n ;r 1.0 Ill. OF 15J, OF m.sr 

12: 11:oo 26.2K 26.9K 26.9~ 2646 F 1836 < 66.0F 28.95 0.4M HJ9 f ll82 f 206. IF llB.OF IB6.6F 6.4 41. I 21. 4K 

500 O.OP 0.4P 10. IP 4, i2P lll.IF liS. or iB. IF il. ~F 1.0 Ill. 2F 152.8f 130.4F 



tJj 
I 

N 
l1l 
N 

ftRC·ftOUHO OEUELOPftEHTAl ~ASTE f~DCESSIHG SYSIE11~ GlASS FURNACE All~ mLOIIE IHCIIIERATDR 2 5 
0027 
100 
20Q 
300 
~00 
500 
600 

01 02 OJ 04 05 06 07; 08 09 10 II 12 13 14 15 16 
··GLASS FURHRCE POUER···t·············--······-----~L--GAS PARAftETERS-------·············--···-·············-········--······-1 
KU AB KU BC KV to tftBI II tftBR f2 MB r BAR ~ AIR ORI1 OFGS r1 OFGS r2 DlUG or HSr or EXH or DLUG P VHTR DP AIR AIIB 

t··· ··· • ····GAS PRRAftE r E R 5 C OH r • ···-···1·-------··· . .1. .• --ll OU'I ~ PA~AHE TERS- • • • • • • • • •••• •• •• ·-• • • •• •••• •• ••• ---1 
02 COHBUS CO C02 HO~ HE I,HJ HE DT RAO IHI RAO or csrc PH StPB II OLG RIH VHI RrH 

................................................................................................................ 1 .............................................................................................................................................................. .. , I 

12:34:00 26.1K 26.9K 27,01( 2515 F 1841 F 66.3F 28,9i5 0.4n 1433 F 1375 F 205.3F U7.8F IB6.7F 6.4 41,4 20.6tl 
500 O.OP 0.4P MP J.88P lll.[3F 115.2f 78.2F 73.3F 1.0 IIJ.5F 152.5F 13B.IF 

12:36:00 26.2K 26.9K 27.0K 2458 F 1815 F 65.8F 28.~5 0.4n 1426 F 1369 F 196.8F IJ7.7F 186.7F ·6.1 41.3 19.8H 
500 O,OP O.IP IO,JP U4P IIJ,I4F Jl5,4f '78.3F 73.5F 1.0 IIJ,6F J51,9F Jl1,9F 

12:38:00 26.3K 27,0K 27.1K 2621 F 1835 F ",8F 28.9
1

5 0 •. 3ft 1447 F 1382 F 193.3F IJ8.3F 18&.9F 6.5 41.3 19.3n 
500 O.OP 0.4P JI,4P 4.20P JU,7F m.sr 78.5F 73.5F 1.0 IIJ.9F I52.8F ll8.6F 

J2:4o:oo 26.2K 27.1K 26.81( 2660 F 1865 F 66.1F 2q5 0.4H 1446 F IJ95 F I02.2F 138.6F 186.8F 6.1 
500 O.OP 0,4P 4.JP ·D,UP IIJ,i8F 115.9F 78.0F 73.6F 1.0 JI4,0F 153.1F IJ9,0F 

41.7 18.6ft 

12:41:03 25.8K 26.9K~J~~ ~ 1844 F . 66,3F 2q5 0.4n 1444 F 1384 F ?04.2F IJ8.6f 186.8F 7.0 
500 O.OP 0.4P , ~'-:O~ b,eo J14,i0F 116.1F 78.9F 73,5F 1.0 114.3F 15l.4F 139.0F 

41.5 18. 2n 

JJJU:oo 2~ .. ~~ 23:l~ ~~ .. w ~g::6: 1843 F 65.8f l~4j:F u::~r 1::.28, lll_l7f 10::JF uur m:Jf utlr 40.9 17.Bn 

12:42:50 26.8K 27.1K 26.6K 26J4 F 1851 F 66,4F 28.~5 0.4n 1439 F 1383 F :05.5F IJ8.6F 187.0f 5.8 
500 Q,OP Q,IP~!. _ ··~f'l'\~ J14,15F 116.4F 77.8F 73.9F 1.0 114.6F 152.9F IJ8,9f 

41. 7 17.3n 

12:44:00 25.7K 27,0K 27.0K 2599 F 1846 F 66.6F 28.;5 0.5H 1435 F 1376 F ~Ol.OF 138.4F 181.0F 5.7 
500 O.OP 0,4P t7,4P 5.02P 114,ilf 116.4f 78.7f 73.8F 1.0 114.5F J52,7F IJ8,7F 

! 

41.4 11.2n 

12:46:00 25.8K 27.0K 27.0K 2640 F 1835 f 66.2F 28.95 0.4n 1436 F 1378 f t03.8F 138.6F I86.9F 5.7 40,9 16.ln 
500 O.OP 0.4P 6.BP J,,OP 114.jiF JI6,Jf 78,JF 73.5F 1.0 114.3F I52.8F US.BF 

12:49:00 25.7K 27.2K 27.1K 2677 F 1843 F 65.7F 28,,5 0.3H 1431 F 1375 F ~9l.9F ll8.7F I97.1F 6.8 42.8 15.7" 
500 Q,QP 0,4P 6.7P 4.10P Jl4,i2F 115.4F 78.6F 73.8F 1.0 114.4F 152.9F IJ8,9F 

12:SO:OO 25.6K 27.7K 26.8K 2596 F 18l2 f 65,8F 28.95 0.3H 1415 F 1378 F 200.2F 138.4F 187.4F 6.4. 44.0 15.5n 
500 O.OP 0.4P 7.1P l.16P J14)3F m.IF 78.6f 7l.6F 1.0 114,7F 152.5f 138.6f 

11:52:00 26.2K 27.2K 26.9K 2608 F 1830 F 65.7F 28.95 O.l" 144l F 1386 f :•09,0F l40.5f 187.5F 10.6 35,7 14.8H 
500 O.OP 0.4P 10.9P l.42P ll4i6F 116.1f 78.7F 73.7F 1.0 114.9F 151.9F 140.4F , 

ll:H:OO 15.0K 27.3K 26.91: 2591 F 1837 F 65,6F 28.?5 O.<H 1443 F 1386 F l91.4F I41.0F 187.7F 10.9 36.1 14.Jn 
50Q O.OP 0.4P 10.6P J.68P 114.5F JJ6.5F iB.lF 7l.6F 1.0 115.DF 15l.2F 140,8F 



'• 

2 5 nRC·AOUHD OE'JElDPiiEHTAL YASIE f~OCESS I HG SVSTEHS GlASS FURHACE RHO CI'CLDHE IHCINERATOR 
0019 01 Ol Ol 04 05 06 01 09 09 10 II 12 13 14 15 16 
!00 --6LA55 FURHACE PDVER·--t--------····-·--··"··········-·GAS PARAHETERS····-··--··········-·······-·-·······------------------··1 
200 KU AD KV BC KU CD CRSR II CMBR 12 AHB T SAR P AIR ORR DFGS II OfGS 12 DLUG 01 HSI Dl EXH 01 DLUG P UHTR OP AIR AHB 
JOO 
400 t----------·GAS PARAREIERS tDNI--------1------------------LIOUIO PA~ArtEIERS------------------------------------1 
500 02 cuneus co C02 HOX HE IHI HE 01 RAO !HI RAP OJ tSJC PH SCRB II OLG RIH UHT RIH 
600 ----800·D--~-GOO-~---~----------------------------------------------------------------------------••••••••••--------------------

12:56:00 25.7K 27.JK 26.9~ 2~9l F 1829 F 65.4F 29.95 O.IH 1439F m1 r 2IO.OF ll0.9F 181.9F 10.1 36.5 U.IH 
500 O.OP 0.4P 10. 9P l.66P 114.7F 116. iF 78. if 7J.7F 1.0 115.1F 152.9F I40,7F 

12:se:oo 25.5K 27.4K 27.0~ 2599 F 1921 F 65.7F 29.95 O.IH 1429 f IJ76 F 206.5F I40.1F 198. OF 11.0 J6,S 12. 7n 
500 O.OP 0.4P II. 4P J.4&P ii4.9F 116.6F 78,JF 13.1F I. 0 m.Jr m.sr 140.6F 

ll:oo:oo 25.5K 27.5K 26.9K 25JS F 1799 F 6S.JF 28.95 O.IH 1422 F 1371 r 2o£.or 140.1F 198.JF 10.4 35.8 12.6n 
500 O.Of O,!P ll.OP J,lOP 114. 9F 116. BF 78.6F n.er 1.0 115.4F 152. 2F 140.JF 

tl:oz:oo 25.5K 27.1K 27.1K 25J6 F 1788 F U.OF 28.95 0. J" 1428 F ms r 201.1F I40.6F 189.5F 10.9 36.3 II.'" ' soo o.or 0.4P IUP 3,40P IIMF 116. 8F 78.5F 73.5F 1.0 115. JF 152.4F 140,4F 

tJj u:o1:oo 24.8K 27.JK 26.9K 2531 F 1795 F SS.OF 23.95 o.m 1423 F 1370 F 209. 4F 140.6F 189. 6F II. 3 36.5 ii.JA 
I 500 UP 0.4P n.sr 3. 38P 

N ! 
m.or m.zr 10.5F 73.9F I, 0 115.4F 152.2F 14U.4F 

LTl 
w u:o6:oo 2MK 27,JK 26.9K 2597 F 1775 F 64.9F 28.95 0. 2M 1425 F 1371 F m.2r I40.7F 18e.BF 10.6 37.5 10.8M 

500 O.OP 0.4P U.9P !. 26P 115.3F 117.4F 78.6F 73.7F I. 0 115. SF m.sr 140,3F 

u:oe:oo 24.9K 27.4K 27.mK 2538 F 1754 F 63.0F 29.95 • O.IR 1420 F IJ69 F 208, SF I40.7F 189.9F 10.3 36.8 10.5" 
500 o.or MP IMP s.m m.SF 117,1F 79.JF 73.5F I. 0 m.er m.sr 140,4F 

u: 1o:oo 2MK 27.4K 27.DK 2i92 F 1761 F 6MF lf§:ir uYJr 'W4f ·1~~6r 20l:~r ltf:6f l~:~r ~·~:Zr 37.3 10. Jn 
500 O.OP 0.4P U.$P .HP 

u: u:oo 24.8K 27.4K 27,1)1( 2515 F 1759 F 65.7F 28.95 o.2n 1414 r 1363 F 201.1F i40.8F m.zr 9.1 37.1 9.7H 
500 O.OP 0.4P 17.0P l.UP , 115.8F 117.9f 79,4F 7l.7f I. 0 116. 2F 152. OF 140.4f 

u: t4:oo 24.9K 27.5K 27.1)1( 2499 F 1738 F 66,2F 28.95 0.2A 1409 f mo r 200.4F I40.5F 189.2f 10.2 37.0 9.5K 
500 o.or 0.4P U.lP l.I2P 116.0F 118.1F 79.5F 7l. 5f I. 0 116.2F 151.7F 140.0F 

n: u&:oo 24.9K 27.6K 27.11: 254JF 1736 F 66.Jf ~9.95 O.IN 1416 F 1]66 f 195.6F I10.9F 189.4F 10.2 36.7 9.0H 
500 O.OP o. 4P 19. 2P J.m 116, OF 119.lF 78.4F 73.6F 1.0 116. 4F 152. OF 140.4F 

IJ: n:oo 25.0K 27.6K 27.1K 2486 F 1729 F 66.0F 29.95 0.1N 1404 f IJ5l f 202.6F 140. 4f 189.5f 10.1 37.2 8.4" 
500 O.OP O.IP 20.lP 3.12P 116.1F m.Jr 79. SF 73.4F I. 0 116.4f 151.7f HO.OF 

u: zo:oo 24.9K 27,5K 27.1~ 2551 F 1747 , 65.9F ~9.95 0.0" 1419 F 1365 F 202.4F 141.1F m.6r u 37.2 7.9K 
500 O.OP 0.4P 19. 7P J •. SOP 116. <F 118.4F i9. SF 7J.JF 1.0 116.5F 152,1F 140.6F 



2 5 HRC-HDUHD OEVELDP"EHTAt ~~STE PROtESSIHG SVSTE(lS GLASS fURHACE RHO CYCLONE JllCIHERRIOR 
OOH OJ 02 OS 04 05 06 07 09 09 10 II 12 13 14 " 16 
100 ··GLASS FURHACE PDWER---1--·----------------------------GAS PARAMEIERS---------------------------------------------------------1 
200 kV AB kV BC kV CO tm II tnBR T2 AHB T BAR i P AIR ORH OFGS Tl OFGS 12 OLUG OT HST Ot EXH 01 OLUG P UNTR OP AIR AIIB 
300 

1-·--·--····GAS PUA"E IUS tOHT-- ·-----1·----------; ·-----L IOU I D PA~RilE IERS----------------------------------"·I 400 
500 02 CO"BUS CO C02 HDX HE 11HI HE 01 RAD IHI RAP OT CSTC PH SCRB II DLG RIH UHI RIN • 
600 ..................................................................................................................... : .. --------.. -------------------------------------------------------------------
n:22:oo 25.0K 27.5K 27.21; 2555 F 1736 f 65.1F 29(95 O.'IM 1403 F 1359 F 182.1F I40,9F 189. 7F 9.1 37.0 7.S" 
soo O.OP o. 4P 19.9P 3.29P m.zr 119.4F 78.0F 73.1F I. 0 116. SF 151.9F 140. 3F 

13: 24:oo 25.0K 27.6K 27.2K 2523 F 1729 F 66.0F 29l 9$ n.i2H 1406 F IJS6 F 203. 3F I40.6F m.7F 9.7 37,2 7.2" 
500 o.oP 0.4P 21. 9P J.m II~. 4F 119.6f 78.0f 7J.Of 1.0 116.6f ISI.Bf 140.1f 

u:z6:oo 25.0K 27.6K 27.3K 2559 F 1726 f 67.0f 2Bi9S o.1n 1402 r m5 r 2o2.6F 140.6f IB9.BF 9.7 37.0 7,0M 
500 O.OP 0.4~ U.9P J.J4P II~. SF 118. 6F 77.8F 7J.2f I. 0 116.7F 151.3F 140.If 

u:ze:oo 25.2K 27.6K 27.~ 2464 F 1717 F 67.5f 28!9S 0.'1" 1400 F 1351 F 196. 6f I40.5F IBMF lo.6 37 .I 6.8H 
500 O.OP 0.4P H.5P J.02P 116.6F 118. BF 78.5F 7J.2F 1.0 116. 9F ISI.OF m.ar 

tJ:j ' 
I u:so:oo 25.2K 27.7K 27.4k 2465 F 1723 F 67.2F 28l95 O.ln 1406 F 1359 f 211. 3F 140.9F 199. 7F 10.4 37.3 6.4H 
"' soo O.OP 0.4P 24.1P s.m 11f· 5F 118. BF 77.9F 73. 4F I. 0 116. 9F m.oF 140.3F lJl ..,. 

11:32:oo 25.1K 27.7K 27.4K 2522 F 1715 f 67.3f 29195 0.2" 139S F 1349 F 205. 3F 140.9F 199.8F 10, I 37.0 6.2M 
500 0.0~ 0.4P 2S.4P S.28P IIPF 118. 9F 78, 2F 73.3F I. 0 116. 9F ISI.4F 140.2F 

' 

13:H:oo 26.7K, 27,7K 27.7k 2451 F 1714 F 67.7F 29t95 0.1"· 1402 F 1351 F 173.3F H0.8F 191.9F 9.5 36.9 5.6" 
500 O.OP 0,4P 24.5P s.m II .IF 119. 2F 79.4F 73.6F I. 0 IJ7.2F 151.6F 140. IF 

i 
u:s6:oo 26.2K 27.5K 27.7k 2603 F 1738 F 67.3r zam 0.1" 1420 F 1367 F 199.7F 141.6F 190.1F 9.6 37.2 5.2" 
500 O.OP 0,4P 2MP S.I4P llt.<F 119.4F 78.3F 73.1F 1.0 IJ7,4F 152.SF 141.2F 

n: 1e:oo 25.9K 27.6K 27.6~ 2591 F 1737 F 67.6f 29~15 O.'IH 1420 F 1369 F 199.4F 141.9F no. 2F 10.2 37.5 5.1" 
500 O,OP 0.4P 20.8P S.78P ur.sF IJUF 77.9F 73. 2F 1.0 117.6F 152. 7F 141. 4F 

I 

n:4o:oo 26.1K 27.SK 27, 'JI; 2642 F 1740 F 67.5F 29i.95 0.;1" 1421 F Jl70 F 194.9F J42.0f 190. 3F '·' 37.2 4.7" 
500 O.OP 0.4P .,,, J.76P m.zF IJ9,4F 77.SF 7l.2F I. 0 117. Sf 152.6F 141. 4f 

n:42:oo 25.BK 27.8K 27.7K 26~4 F 1745 F 67. 9F 28i. 95 O,;OM 1422 F 1372 F 202.4F 142.1F 190. SF 9.1 37.5 4.1" 
500 O.OP 0.4P IMP S.70P II~. 5F IJ9.8F 78.0F 73.QF 1.0 117. 7F 152.7f 141. sr 

n:H:oo 26.1K 27.5K 27.8K 2594 F 1746 F 68.0F 2~.95 O.IH 1414 F ml r lOJ.BF 142.0F 190. SF 8. 4 37.3 4.0H 
500 O.OP 0.4P 19. 5P s. 74P · 1Ji7.5F 119. 4F 78.4F 73. JF 1.0 JI7.8F 152.4F 141.4f 

JJ: 46:oo 25.9K 27.9K 27.8K 2591 F 1739 F 68.6F 2&.95 O.IM Hll F 1362 F 21J.OF 141. 9F 190.H 9.5 37.4 4.211 
500 O.OP 0.4P 10. 5P 3.6iP 11'7.5F 119. SF 78.1F 7l.4F 1.0 117.8F lSI .iF 141. 3F 



2 ~ HRC-ftDUHO DEVHOPNEHTAL IIASIE P~OCESSIHG SVSIEI1$ GLASS FURHACE AHP C'/(LOHE Ill( I HERA lOR 

001' 01 02 Ol 04 05 06 07 PB 09 10 II 12 IJ 14 IS 16 

100 ··GLASS FURHACE POUER---1-------------------------------GAS PARAHEIERS---------------------------------------------------------1 

lOO ~U AD n ec KU (0 CflBR II fflBR Tl AHB T BAR P AIR ORfl. OFGS T1 OFGS 12 ~LUG OT HSI 01 .fXH 01 DLUG P UNIR DP AIR AHO 

lOO 
400 1-----------GAS PRRARUERS CONI--------1-··---------------LIOUIP PARMETERS-----------------------------------·1 

SOG 02 cuneus co C02 HOK HE IHI HE 01 RAO IHI RAD 01 CSTC PH SCRB II Ol6 RTH UHI RIH 

600 ~•-•-a•-•••-•••••••~••••-••
-••••••••-••-----•-•••--•--

----•-••••••••--•••••••--••
••••••---•••••-••-••••••-•-

••••-•q-•••••--••--• 

u:4s:oo 26.4K 27.5K 27.71< 2594 F 1738 F H.9F 29,95 o.m 1414 r IJ62 f 205.4F 141. er 190. 7f 9.1 37.4 3.7" 

500 O.OP O.IP Jl, 2P MOP 117.4F m.7F 77.6F 7l.lf 1. 0 m.er 152.5F 141. Jf 

u:so:oo 26.JK 27.5K 27.BK 2589 F 17Jl f 67.9F 28.95 'O,IH 1414 F 1364 F m. 2F 141.9F 190. 9F 9.9 37.5 3.311 

500 G.OP 0.4P 21.1P J.m m.sr 119.8F 77.8F 1J.2F 1. 0 117.8F 152.5F 141.1F 

n:s2:oo 25.7K 27.5~ 27.6K 25JJ F 1729 F 67.0F 28.95 o.on 1411 r 1362 F 195.5F 141.8f 19l.OF 9.7 37.4 J.Jn 

500 UP o.~r 20.2f J.m m.sr m.7F 7Pf 73. 2F I. 0 117.8F m.Jr 141,2F 

u: s4:oo 26.0K 27.5K 27.9K 2579 F 1734 F U.SF 29.95 0. lA 1406 F 1356 f 105.2F I41.8F m.or 9.7 37.7 2.9H 

500 o.oP 0.4P U.2P I. 48P m.sr 120.0F 77. If 7l.OF 1. 0 liB. OF 15l.JF 141.1F 

n:ss:oo 25.2K 27.6K 27. 71< 2507 F 1735 F 67,5F 28.95 O.IA 1409 F 1358 f 205.JF 141.6F m.Jr 8.9 37.4 2.9" 

til 
500 G.OP O.!P II. If s.m 117.4F 119.6F 7B.IF 73. 2F I. 0 IIT.BF 152. IF 140.9F 

I u:se:oo 26.3K 27.7K 27.8K 2577 F 1724 F n.JF ze. 95 O.IH 1407 F ms r 206.JF I41.6F m.Jr 9.4 37.G 2.6fl 

"' U1 500 O.OP 0.4P nor 3.54P 117.4F IU.9F 7B.IF 73.JF •• 0 117.7F 152.2F 141,0F 
U1 

14:oo:oo 25.4K 27,6K 27.6~ 1686 F 1619 F n.zr 2&.95 O.IM 1228 F om r 18J,Jf m.IF 191, 3F 9.6 39.5 2.2n 

500 O.Of 0.4P lUP 3.14P m.&r 119.8F 77.7f 7l.IF I. 0 117.8F 149.4F 138.6F .. 
14:o2:oo 25.5K 27.6K ,7.9~ 2366 F 1640 F 68.5F ·9~95 uU~ 1 1~~.r ·n~21 18V:Ar ll~:jf ll~:ff a!~:lr 37.6 I. 7K 

500 O.OP 0.4P 2.6f o. 2BP I , 7F 

14:o4:oo 26.5K 27. 7K 27.9K 2592 F 1729 F n.sr 28.95 o.2n 1394 F 1341 f 197.4F 141.JF 191.1F 9.1 37.6 2.on 
500 O.OP @.4P 28. JP J.m 117.8F 120,1f 78.2F 7l.5F 1.0 IIB.OF 151.4F I40.4F 

11:o6:oo 25.5K 27.9K 29.1~ 2619 F 1742 f 69.5F 28.95 O.IM 1408 F 1352 F 204.4F 141.BF m.ar 9.2 37.5 1. zn 

500 O.OP 0.4P 26. 5P 4, l4P 117. 5F m.er IB.If 73.5F 1.0 117. 9f 152; JF 141. 2F 

11:oe:oo 26. 2K 27. 7K 28.1K 2529 F 1718 f 68.7F 28.95 Q.Jn IJ97F JJ45 f 202. 9F 141. 4f 191' 2f 8.8 37.] I.IK 

500 O.OP 0.4P 2l.~P J.m 117.4F ln.IF 7B.OF 7J.IF 1.0 117. OF 151.8F 140.7F . 
14:10:00 25. 7K 27,9K 27.9K 2514 F 1714 F 69.0f 29.95 O.IH 1395 F 1342 F m.4F 141.0F 191.3F 9.8 37.3 I. on 

500 O.OP 0.4P l2.4P 3.2BP 117. JF m.6F 78. JF ll.Zf I. 0 Ill. 7r 151.JF 140. JF 

14: u:oo 26. 7K 27.5K 28.11: 2641 F mt F Gq, 6F ;;e. 95 0.1" 1421 F 1365 F 189.7f 142. 2F 171.1F 9.0 37.2 O.IA 

500 O.OP O.IP l5.8P 4,.JOP Ill, lF 119.7F ;e. JF 7J.4F u.o 117. 6F ISl.SF 141. 6F 



2 5 HRC-HOUHO OEUElOPIIEHTAl Y~STE t~OCESSIHG SYSIENS GlASS FUPHRCE ~liD C'ICLOilE IIICIHERATO~ 
OOH 01 01 OJ 04 05 06 ' 07 08 09 10 II 12 ll 14 15 16 
100 --GlASS fURHACE POIJER---1----------- ----------- __ ,_-----GAS PARAHE TER 5---------------------------------------------------------t 
209 KU AB KU BC KV CD C"SR T1 CHBR 12 AND T R~R P AIR ORH OFGS Tl OFGS T2 DLUG 01 HSI 01 HH 01 DlUG P UHIR DP AIR AIIB 
300 I. 

400 1---------- -GAS P ARRNE IUS CO HI--------1--------------- ---l!l QUID PRRRNE TER 5---------------------------- --------1 
500 02 CDHOUS CD C02 HOX ~£ lilT HE OT RAP IHI RAO OT CSTC PH SCR8 IT OlG RTH VHI RIH 
600 ---~--------------------------------------------·t··---------------------------------------------------------------------------r 

14:14:00 15.5K 27.8K 28.1K 2649 F 1753 F 69.1F ~8.95 'O.OH 1418 F I 362 F 167.0F 142.0F 191.4F 9.3 37.6 0.4H 
500 O.OP 0.4P 20.6P 4,00P 117. 2F IU.2F 78,1F 7J.4F 1.0 117. SF 152.8F 141. 5F 

' 14: 16:oo 25.9K 27. 7K 27.6K 2586 F 1744 f 69.4F 28.95 'O.IH 1m f 1359 f 191.8F 142.0F 191. SF 8.7 37.7 0. IH 
500 O.OP 0.4P 21. JP 3.86P I17.1F 11;9, 3F 78.3F 73.4F 1.0 117. SF 152.8F 141.5F 

14: 18:oo 25.5K 27,6K 27.9K 2616 F 1748 F 69. 9F 28.95 O.OH 1409 F me r 194. 2F 141.9F 191.5F 9.1 37.9 0,3H 
500 o.or o.tr JO.OP J.I2P 116.8F (U, 2F 78.5F 73. 4F 1.0 117. 4F· 152. 3F 141.JF 

' 
14:2o:oo 26.4K 27.8K 27,81( 2597 F 1740 f 69. JF 28.95 O.IH 1407 F IJSI f 102, 2f 141.6r 191. 3F 9.6 37.7 o.on 

tJj 
' 

500 O.OP 0.4P 20.6P J.m 1!16. 6F m. or 78.4F 73.4F 1.0 117 .IF 152. JF 14J.OF 
I 

: '14:22:00 "' 26.0K · 27.6K 28.0k 2647 F 17SO F 68,0F ?8. 95 Q,IH 1431 F 1371 F 160, 9F J42.1F nt.4F 8.2 37.7 -O,IH lJ1 I 5oo O.OP o.tr u.tr MOP 1.16. 2F Ill. 5F 78.6F 7J.5F 1.0 JJ6,8F 152.6F J4J,OF "' I 

14:24:00 25.5K 27, 7K 27.8K 2655 F 1791 f 68,9F 28.95 iJ.IH 1441 F IJ92 F 157 .IF 142.9F 191. 5F 8.4 37.6 -0.5" 
500 O.OP o.tr IMP · t.m m.3F IIi!. 9F 78.6F 73.5F 1.0 116. 7f 15t.OF 142.Jf 

14: 26:oo 2UK 27.8K 27.7K 2696 F 1799 F 68.4F 28.95 o.on 1451 F 1308 F 201. 5F IU.OF 191.6F 9.3 37.6 -I. 4" 
500 O.OP O.tP ll.IP t. 70P 1116. 4F 118.4f. 78. 7F 73,5F I. 0 116.8F 154.0F 142.?F 

14:2s:oo 2MK· 27.6K 27.9K 2616 F 1790 F 68.8F 28.95 O.ln 1435 F 1374 F 210.7F 142.8F 191. SF 9.2 38.0 -0.7" ; 500 o.or O.tP . 16.7P 4,38P 1!16. 5f 118. 7F 78,5F 7J.£F I. 0 116. 7F 153,8F 142.2F 

14:3o:oo 25.8K 27.5K 27.8K 2689 F 1919 F 69.1F 28. ~5 O.OH 1451 F 1390 F 209.1F 143.6F 191. 7F 8.7 38.1 -0.8" 
:'• 500 O.OP O.tr 16.5P 5.02P 1!16. 5f 118.8F 78.3F 7J.4F 1.0 116. 8F ISI.6F 143.1F 

14: J2:oo 25. 7k 27.4K 27.91; 2714 F 19~1 F 69.5F 28.95 O.IH 1462 F 1399 F 162.5F IU. 7F 191. 8F 8.4 38.2 -I.IH 
500 O.OP 0.4P (5, JP 4.98P I16.6F 119. BF 78.2F 7J.5F 1.0 116.8F I54,9F 143.2F 

14:H:oo 25. 7K 27.41: 27. 91; 2691 r 1939 F 61.4F 28.95 b. IH 146S F 1397 F 165. 2F 14l.7F 191.8F 8.1 38.6 -1.2" 
' 500 O.OP O.tP 14.2P 5.00P 116. 7F 118.8F i8.4F 7l.5F J,O 116. 9F m.oF 143.2F 

I4:J6:oo 2MK 27.4K 27, eJ: 2723 F 183£ F 61.3F 28.95 o.on 1466 r 1400 F 197' 9F 14l.6F 191.9F 8.5 37.6 -1.4H 
500 O.OP o.tP IJ, 7P 4,86P II6.8F 119. 9F 78.0F 7l,4F I. 0 117. OF 154. 9F Ill, IF 

14:l8:oo 25.6K 27,3K 27.9~ 2b64 F 19£8 F 6MF 28.95 o. In 1454 r lln F 200. IF 143.7F m.oF 
'· 2 

38.0 -1.6" 
500 O.OP 0. 4P il.OP 4. iOP 117. 2F 119. 2F ;s. sr 1J.6F 1.0 117. 2F 154.9F 143. 2F 



2 5 nRC-nDUHD DEUELDPHEHTAL IJASTE PROCESSING SVSTEIIS GLASS FURHACE AllD tVCLOHE IHtiHERAIDR 
0029 01 01 Ol 04 05 06 07 09 09 10 II 12 ll 14 15 16 

100 --GLASS FURHACE POYER---1-------------------------------GAS PARAHEIERS---------------------------------------------------------1 
201) KV RD KV DC KY CO rnBR T1 CHBR U AliB T BAR P AIR DRn OFGS T1 OFGS T2 ~LUG DT nsr 01 EXH OT OLUG P UNTR DP AIR AIIB 

300 
400 1-----------GRS PARAREIERS CDKI--------1------------------LIOUID PARAIIEIERS------------------------------------1 
500 02 conaus co C02 HOK HE IHI HE 01 RAO IHI RAD 01 CSIC PH StRB IT DlG RlH UHT RTH 

600 ------~------------p·-----------------------------------------------------------------------------------------------------------

14:4o:oo 25.5K 27.4K 27.8K 2680 F 1831 r 69.9F 29.95 O.OM 1455 F IJ9l f 179.9F 14], 7F m.or 8.4 38.2 -I.Sn 

500 O.OP 0,4P ll.Tf MlP 117, 5f 119.4F 79.6F 73. 9F 1.0 117.6F 154. BF m.IF 

14:42:00 25.6K 27.3K 27.8K 2686 F 1939 f n.er 29,95 o.o~ 1466 F 1399 F 210.5F 144.0F m.or 0.0 39.1 -2.0H 

500 O.OP 0,4P 13. 2P 4.9DP m. er m.7F 79.BF 74.1F I. 0 117. 9F 154. 9F IU.5F 

14:44:00 25.6K 27.JK 27.8~ 2586 F 1821 F 69.7F 28.95 O.IM 1455 F 1393 F 214.2F 143. 6F m.or 8.3 38.0 -2.lH 

500 O.OP O,IP ll.Of !.SOP m.~F 119. 9F 79.2F 74.4F 1.0 liB. IF m.JF 14J.IF 

u:4G:oo 2UK 27.JK 27.~ 26JI F 1820 F n.7F 28.95 O.OM 1450 f ll89 F no. 6F 143.6f 192.1F 8.5 JU.O -2.lft 

500 O.OP O.!P U.7P 4.40P !17.9F m.7F 79.0F 74.4F 1.0 m.JF 154.JF 14l.OF 

b:l I 14:1s:oo 2S.7K 27.2K 27.7K 2711 F 1840 F 6MF 28.95 . o.o" 1464 F 1400 F 178.1F 144.1F m.IF M 38.3 .. ~2.4M 

I 500 O.OP U,4f !UP '·"' m.or m.9F 79.0F 74, 3F 1.0 II&.IF m.or 143-GF 
N ' U1 
-...1 11:so:oo 25.6K 2?,2K 27.7K 2705 F 1844 f n.4F 28.95 o.on 1470 F 1404 F m. 7F 144.4F m.JF 8.2 37.7 -2.6M 

500 o.oP O.IP IMP 4.84P IU.lF 120.2F 79.6F 74.9F 1.0 118. 4F !55. IF IU.BF 

t4:sz:oo 23-6M 27.21< 27.8K 2703 F 1856 f n.sr 28.95 o.1n 1469 r 1402 F 209,7F 144.4F 192.2F 8.6 38.4 -2.9" 

500 @,OP 0.4P u.~r 4,70P IIMF I20.3F 79.4F 74. 7f 1.0 IIUF m.zr 143. 7F 

14:s1:oo 25.6K 27,1K 27.~ 27?f F 1842 F 69"1F fft~~r 11B:!r 
1 1~~Jf 1 1J~,f 19l:fiF 113:1f ~~~:~~ 11f:ir 

39.6 -!.2M 

500 O.OP O.IP u. , 4. 6P 

14:56:00 2$.2K 27.JK 27.7K 2734 F 1995 F 70.1F 28.95 O.IM 1483 F 1413 F 201.0F 145.4F 192.6F 9. I 38.7 -2.9" 

500 O.OP 0.4P U.4P s.m IIUF m.sr 79.5F 74.6F 1.0 119.7f 156.4F 144.9F 

J4:se:oo 25.2K 27.2K 27.6K 2768 F 1912 F 70.1F 28.95 O.IH 1493 F 1423 F 213.1F 145.6F m.6F 8.3 38.6 -3.0" 

' 500 O.OP 0.4P ll.OP 5.64P 118.5F 120.JF 79.JF 74.sr 1.0 118. 7F m.zr 14S.IF 

us:oo:oo 25.2~ 27.1K 27.SK 2725 F 1911 F 70.0F 28.95 O.IH 1502 F 1427 F 211. 6F 145.9F m.sr 8.5 38.5 -3.2A 

500 O.OP 0.4P II. SP UOP 118.4F 120.3F 79.4F 74, 4F I. 0 118.7F 156.7F m.JF 

1s:oz:oo 25.0K 27.1K 27.5K 2742 F 1922 f 69.9F 28.95 O.IM 1502 F 1429 F 164.SF 145.8F m.sr 7.5 38.4 -3.0" 

500 O.OP O.IP II. 2P 5.48P 118.4F 120.2F 79.1F 74.tF 1.0 118.6F 156.5F ll5.4F 

1s:o4:oo 25.1K 27.0K 27.5K 2748 f 1924 f 70.IF 29.95 O.IM 1497 F 1426 r 200.1F m.7F m.9r 8.9 36.9 -l.lH 

500 G.OP 0. 4P 10.5P 5. UP IIB.JF 120.0F iS. SF <4.•F 1.0 119.6F 156.6F 145.2F 



til 
I 

"' lJ1 
co 

2 5 HRC-HOUHD DEUELDPNEHTAI. URSIE P~OCESSIHG SVSTENS GLASS FIJRHACE RHO C'ltlOH£ JfltiHERATDP 
OOH 01 02 OJ 04 05 .-- 06 07i 09 09 10 II 12 ll 14 IS 16 
I 00 --GLASS FURHACE POUER---1--------------- ---------- ---i- --GAS PARAnE TERS------- ------------------------------------------- ~-- ----1 
~~~ KU AB KV BC KV CO tftDR T1 CHSR T2 AHB T BAR Pi AIR OR" OFGS Tl OFGS 12 DLUG OT HST 01 EXH 01 . DLUG P UHIR DP AI) AHB 

~00 1-------- ---GAS PAR AU I ERS tONI--------1-------------1- --··-ll QUIP PR~ANE IERS------------------------------------1 
500 02 • CDnBUS CD C02 HDX HE I>HI HE 01 RAO IHI RAO DT CSIC PH SCRB IT OLG RTH UHI RIH 

600 ----------------------------------------------------l·--------'-------------------------------------------------------------·---
15:0G:oo 25.0K 26.9K 27.4K 2761 F 1917 F 70.1F 28.~5 O.ln 1501 f 1429 f 210.4F 145.7F 192.9F 7.8 38.7 -3.5H• 
500 O.OP 0.4P II.OP S.3BP IIB.iiF 119.Sf 79.1F 74.4F 1.0 II8,5F 156.5F 145.2F 

n:oe:oo 
500 

15:1o:oo 
1 500 

15:12:00 
500 

25.0K 
O,OP 

25.0K 
O.OP 

24.0K 
O,OP 

26.9K 27.4k 27J7 F 1939 F 
0.4P IO.BP 5.54P 

26.8K 27.4K 2752 F 1927 F 
0.4P . IO.tP 5.4BP 

27.0K 27.0k 2752 F 19!6 F 
0.4P IO.!P 5,46P 

15:14:00 24.0K 27.0K 27,0k 2690 F 1928 F 
500 O.OP 0.4P 10.2P 5.42P 

15:16:oo 24.1K 26.9K 27.0K 2751 r 1927 r 
500 O,OP O.IP . IO.IP S.l4P 

70.JF 

70.5F 

70.6F 

I 
28.95 
118.13F 

2a.J5 
118.j5f 

i 

28.95 
118,j7F 

: 

O.JH 1504 F 14ll F l65.0f I45.7F 193.0F 7.1 
l20.0f 78.9F 74.5F 1.0 118.4F 156.7F 145.2F 

O.IH 1507 F 1433 F 211.2F 145.7F 193.1F 8.1 
120.1F 79.1F 74.5F 1.0 118.6F 156.9F 145.3F 

O.IH 1501 F 1429 F 171.8f 14S.BF 19l.2F 7.9 
120.2F 79.2F 74.5F 1.0 118.7F 156,BF 145,JF 

70.5F 28.~5 O.OH 1499 f 1429 F 162.3F 145.8F 193.3f B. I 
118fF 120.4f 79.4f 74,4F 1.0 119.0F 156.7F 145.2f 

' 70.3F 28,95 O.IH 1503 F 1410 f 219.7F 145,9F 193.4f 7.3 
118.!7F 120.3F 79.2F 74.6F 1.0 119.0F 156.6F 145.2F 

38.7 -l.8M 

38.4 -un 

38,8 -4.1n 

39.7 -4.4" 

39.1 -4.Jn 

15:19:00 24.1K 26.9K 27.0K 2763 F 1925 F 70.2F 28.95 O.ln 1500 F 1426 F 191.7F 145.6F 193.4F 7.6 38,8 -4.6H 
500 Q,OP O.IP I0.5P 5,26P IIBJ5F 120.2F 79.2F 74.3F 1.0 118.8F 156.2F 145.0F 

1 1s:2o:oo 
500 

n:22:oo 
500 

n:H:oo 
500 

24,2K" 26.9K 
O.OP 0,4P 

24.4K 27.0K 
O.OP O.IP 

25.6K 26.7K 
O.OP 0.4P 

27.0k 1619 F 1654 F 
t.5P O.J8P 

27.0K 1593 F J6t6 r 
10.4P 0.32P 

27.4K 1623 F 1726 F 
I.IP 0.32P 

15:26:00 25.8K 26.8K 27.4K 1616 F 1726 F 
500 O.OP O.IP 7.JP O.HP 

15:2e:oo 25.9K 26.9K 27.~1; 1602 F 1720 F 
500 O.OP O.IP 6,9p O.JDP 

15:37:25 
I 500 

25.4K 
O.OP 

27.5K 
0.4P 

lt84 F 

2~6~ 

i 
70,3F 28.95 

118j8F 

69.9F 28.h 
119JOF 

·j 
n.3r 2e.?s 

mler 

O.Jn 1291 F 1259 F 148.5F I38.5F 19J,3F 8.7 
I20.5F 79.2F 74.5F 1.0 118.9F 146.JF IJ6.6F 

O.Jn 1267 F 1235 F 144.8F IJ6,6f 186.7F 12.3 
120.7f 79.5F 74.7F 1.0. 119.1F 143.4F IJUF 

o.2n mo r 1234 r 140.9F us.2r m.sr 10.0 
120.4;F 79.1F 74.4f 1.0 119.1F 140.5f I29,9F 

68.4F. 28.95 O.IM 1262 F 1225 F 139.JF IJ4.9F 169.4F 10.1 
118(6F li'0.2F 78.5F 7J.9F 1.0 118.9F JJ9,JF 129,1F 

I 
67.2F 28.95 ·o,Jn 1253 F 1218 F IJ8,0f ll4.7F 165.9F 10.0 

118>4f 11~.8f 78.3f 7J,6f 1.0 I18,8F IJ8.6F 128.6F 

62.7F 28.95 O.OM 1235 f 1197 F IJS.IF IJJ.2F J57,5F 10.0 
116;~f 118.5f 77.8f 7l.4F 1.0 116.8F IJ6.6F 126.5F 

37.8 -un 

16.4 -4. '" 

11.2 -4.6n 

10.9 -4.5H 

10.9 -4.6H 

10.9 -s.on 



tJj 
I 

"' l11 
\0 

2 ~ HRC-nDUHP DEUElOPifEHIAL W~STE P~DCESSIHG SVS!Eif5 6LA55 FURlin([ AIIP C\'CLDHE IHCIHERAIOR 

oon 01 02 Ol 04 OS 06 07 08 0~ 10 II 12 ll 14 15 U 

100 --GLASS FURHACE PDVER---1-------------------------------GAS PARAHEIERS---------------------------------------------------------1 
lOll ~U AD KY BC U CO tA~R II CflBR 12 AIIB I SAR P AIR ORK DFGS II OFGS IZ ~lUG 01 ns1 01 EXH 01 DLUG P VHIR DP AIR AHB 

Jno 
400 1···------·-GAS PftRAfl!IERS CDHI--------1------------------LIQUIP PARAMEIERS------------------------------------1 
501) 02 COKBUS CD C02 NUX HE till HE 01 RAD IHT RA~ 01 em PH SCRB 11 DLG RIN UHT RIH 

EOO ------·-------------------------------------------------------------------------------------------------------------------------

15:,:04 23,6K 27.5K .~ 1548 F 16£81{, 62.1F 28.95 O.OK 1237 F 1199 f· ll4.BF 132.8F 156.5F 10.0 10.9 -4.6N 

500 O.OP 0.4Pz:::!'l.'IP. 4,92!-)~(:,'><C, 115.9F 117.4f 77.7F 7l.IF 1.0 116.JF U6.JF 126.0F . 



2 5 ~RC-HOUHP PEVELDPnEHIAL UASIE PP.OCESSit!G SYSIEHS GLASS FURHAf.E AH& TIClDHE IHCIHERAIOR 
OOJO 01' 01 OJ 04 05 06 07 09 09 10 II 12 ll 14 15. 16 
100 --GLASS FURHACE POVEA- --1----------------·-------•- ------GAS fARAHE IERS------- ____ ,-------------------------------------------- ·• 
200 KV AB KV BC KU tD 'tftBR II CHSR 12 AftB I BAR P AIR O~ft ow 11-!tFGAil OLUG 01 HSI 01 EXH OT OLUG P UNTR OP AIR AHB 
JOO 
400 1--------·--GAS PARAftETERS CDHT---~~---1~~-~,<-~~~~ID PAP.A~E~-----·-----------------------·····--1 
soo 02 CDHDUS CO C02 HDX ~ I HE lltl HE 01 RA& IHI RAO 01 CSIC PH SCRB IT OLG RIH UHT RTH 
600 --~---------------------------------------------~---------~---------------·-----------------------------------------------------' 

12:24:07 25.5K 25.1K 2l.8K 2346 F 2406 F 8l.7F 2&,95 4.sn 932 F mr 62.JF 20J.IF 60.1F 0.] -0.5 5J.6ft 
500 16.1P O.JP 5, 7P ·0.16P 65. 2F :i0.9F 90.9F 77.4F 1.0 65.4F 63. 5F 65.1F 

12:so:oo 25.2K 24.9K 2l.2K 2070 F 2141 F 80.9F 28,95 ].8ft 1154 F 1079 f 74.4F 162.4F 65.0F 7.4 11,5 5l.7ft 
500 "·" O.IP 5.8P ·0,18P 65, 2F 5.JF 81. 4F 77,SF 1.0 64.8F 78.1F 66.8F 

12:52:00 25.4K 25.5k 2J.5K 1960 F 2295 F BO.OF 28.95 2.2n 1231 F 1145 F 78.2F IJ4,JF 69.7F 7.3 II. J sun 
500 "·" 0.4P UP ·O.IOP 65.4F 44. 2F 81.9F 77.9F 1.0 65.5F 87.6F 66.5F 

I 
12:54:00 25,2K 25,2K 2J,1K 1947 F 2257 F BO.OF 28.95 I.Sn 1246 F 1164 F 80.6F 121.BF 75.2F 7.2 11.0 s4.Jn 
500 "·" 0.4P 5.4P ·0.14P 6J,6f 39.6F 81. 9F 78.9F I. 0 66.2F 87.4F 66.8F 

I 
tJj I 

12:56:00 25.5k 80,6F 28.75 I i 25.6K 2l.5K 2105 F 2343 F 1.2n me F 1190 F 89. JF 122. 9F 79.8F 7.2 11.0 5J.6ft 
"' I 500 16.2P 0.4P s.5P -o.m .65.U 49,8F 81.9F 77.9F 1.0 65.4F 99.0F 67.3F 0'\ I 
0 . 

12:59;oo 2MK 2'-4K 
>U M"' "" ''%_ ~ ... 0. '" 1326 F 1219 F 94. 4F 115. 4F 83.6F 7.2 11.0 Sl.Jft 

500 14.8P 0.4P 5.9P 2,20P · 
1

65.4F 50.JF 82.1F 78.0F 1.0 65.5F I09.9F n.or 

u:oo:oo 25.8K 25.1K 23.1K 2021 F 2312 F 2~ 0. 8" IJJI F 1220 F 97.6F 112.3F 86.2F 6.2 9.5 53.4" 
500 14. Jr O.IP ,,SP l.42P : .F 64.5F 81.7F 78.4F 1.0 65.4F 112.5F 70.3F 

u:oz:oo 26.4K 25,JK 23.0k 2081 F 2312 F . 81,1F il&. o.en 1325 F 1213 F 99.0F I09.JF 87.8F 4.9 1.1 54.6ft 
500 IUP O.SP ,,5P . J.26P i66.5F 5UF 8J.OF 78.0F 1.0 66. 5F Ill. 9F n.oF 

I 
! 

u:o4:oo 26.6K 26.0K 23.JK 2040 F 2321 F 80.5F 28.95 o.rn 132B F 1218 F 103.7F 106.9F 89.9F 5.4 7.2 54.8" 
500 12.7P D.5P UP 4, J8P i 66.0F 

' 
40.9F BI.BF 79.8F I. 0 66. OF 120. OF 70,0F 

u;o,:oo 26.8K 26.0k 23.4K 2089 F 2314 F &1.9F 28.95 o.rn 1121 F 1215 F 105.7F 105.0F 91.6F 5.2 6.4 54. 7" 
500 

"·"··" 0.5P 
7.3P s.m : 66.JF J9.6F 82.1F 78.SF 1.0 66. 3F 122. IF 70.6F 

u:oe:oo 27,1K 26.0K 2J.4K 2038 F 2110 F 82.6F 28.95 o.6n 1325 F 1218 F 106.1F IOJ.5F 92.7F 5.1 6.4 54.7n 
500 11,8P 0.5P 7.0P MOP :67.0F 5'.5F 82.4F i8.9F 1.0 66.8F 122.4F 71.3F 

' ! 
u: 1o:oo 27.2K 26.0K 2J.5K 2052 F 2304 F &3.3F a,9~ ~~:'V 1 iE,~ l~'~;f IOfJF •gur 1JUf 1Hr 6.5 54.7" 500 11.8P 0.5P 7.2P 5,54P 6t. F 

ll; u:oo 21.4K 26.0K 2l.4K 1997 F 2300 F 84.2F 28.~5 0.6n IJIJ r 110& F 106.6F 101.4F 94.6F 4.6 5.5 54.1" 
500 11.,, .... 0.5P 7.1P 5.m 68.3F 2~.5F 81.6F 7e.Jr 1.0 68.1F 121.3F 72.4F 



tJj 
I 

N 

"' f-' 

2 5 HRC·HDUHD DEVELOfnEIHAl IJASTE F'P.DtESSIHG SVSIEHS Gl~JS FUPHAtE Alit• t'!'CLDHE IHliiiERAIDR 

OOlO 01 02 Ol 04 05 06 01 09 09 10 II 12 ll 14 15 16 

100 --GLASS FURIIACE PDWER···t····--·························GAS PA~AIIEIEPS···········································-··---···-----
; 

200 KY AD "U BC KU CD CMBR II CMBR 12 AMB I ~AR P AIR ORM OFGS II OFGS 12 ~LUG 01 1151 01 EXH DT OlUG P VH!R DP AIR RHB 

JQO 
lOO 1---------·-GAS PARAMETERS fOHI···---··1····-····-----·---LIOUI~ PARAnEIERS-----------····-------··---····--··-t 

500 02 tDHBUS CO C02 HD~ HE IHI HE 01 RAD IHI RR& 01 CSIC PH SCRB II DlG RIH VHI RIH 

600 ------------------·--·············-··················-····-·······-··········-···-················--·-·······--··-··-····-···-·· 

13:14:00 27.9K 26.9K 2J,8~ 2040 F 2296 F 84.8F 29.95 0.5H 1315 F 120& F 107,9F 101.2F 95.4F 4.6 5.5 54.4H 

500 11.3P 0.6P 7.7P 6.20P 69.0F 60.6F 92.0F 78.5F 1.0 69.7f I22.6F 73.7F 

13:16:00 28.0K 26.8K 24.0K 2077 F 2299'F 85.7F 29.95 0.5" 1317 F 1208 F 109.8F 91.7F 96.6F 4.6 5.3 54.8M 

500 11.2P 0.6P 6.1P ·0.12P 69.Jf 56.lF 81.9F 79.2F 1.0 69.2F 12l.7F 74,6F 

13:16:33 28.0K 
$00 II.IP 

8S.7F 29.95 0.5~ 1316 F 1209 F 109.2F 99.4F 97.0F 4.7 5.5 54.5K 

U:l7:46 
500 

u: 1e:oo 
500 

n:zo:oo 
500 

28.0K 
JI,OP 

28.0K 
II.OP 

28.0K 
U.2P 

26. 7K 
MP 

26.9K 
o.sv 

69.2F 44.5F 82.9F 79.1F 1.0 68.BF 124.4F 74.1F 

1~~~9 F 2282 f 86.2f 2B.~S 

~- 4.96P <J"P~~ & &JAF 

~u.)'90 F 2283 F 6 2l;n 
(]LJV 5,12P 61:1F 

23.9K 2107 F 2278 F .SF 28,95 
J,9F 4.88P 67.9F 

0.5~ 1318 F 1208 F 109.3F 
57,8f 82.2F 79.1F 1.0 

0,5" 1317 F 1208 F IIO.IF 
59.5F B2.3f 79.0F 1.0 

0.5" 1318 F 1208 F IIO,JF 
35,0F 82,JF 78.8F 1.0 

,,OF 91.5F 
70. Of 126. Of 

99.8F ,7.4F 
69.8F 125.4F 

98.1F 99.0F 
69.6F 127.0F 

4.6 
74.BF 

4.7 
74.9F 

4.5 
74.7f 

5.5 54,JK 

3.8 54.JH 

5.3 5J.9K 

13:22:00 28.1K 27.0K 2J.7K 2034 F 2269 f 96.7F 28.95 0.4M 1319 f 1211 F lli.8F 97.2F 99.2F 4.7 5.5 54.4M 

500 10.6P 0.6P 3.4P 7.72P 69.lF 36.9f 82.5F 19.2f 1.0 69.5F 128. IF 75.0F 

IJ:2~:oo 29.1K 27.1K 2J.7K 2050 F 2259 F 87.0F 29.95 0.4M 1322 F 1213 F IIJ.4F 96.7F ,,,7f 4.6 5.6 54.0M 

500 IO.lP 0.6P 3.7P 8.00P 69,5F 37.0F 82.2F ~~.OF 1.0 69.4F I29.2F 75.4F 

13:26:00 29.0K 27.1K 2l.9K 1189 F 2259 F 87.2F 28.95' 0.4n 1325 F 1217 f 114.4F 96.2F 100.6F 4.3 9.1 53.BM 

500 9.9P 0.7P 4.7P 8.69P 68.5F 40.5F 92.5F 78.8F 1.0 70.1F ll2.2F 75.9F 

~13:2e:oo 28.0K 27.3K 24.2K 1917 F 2250 F U7.3F 28.95 0.4M 1325 F 1216 F 114.8f ,,,8F IOI.IF 4.3 

500 IO.SP 0.7P S.IP 1.10P S9.5F l9.1F 82.0F i8.5F 1.0 68.9F llJ,2F 75.3F 

IJ:lo:oo 27.8K 27.1K 24.0K 1917 F 2244 F 97.7F 29,95 0.4M 1321 F 121l F 115.5F 95.6F IOI.4F 4.3 

500 9.SP O.UP I.OP 9.16P 6B.JF 38.6F Bl.9f 79.6F 1.0 69.8F m.JF 76.1F 

1J:J2:oo 27.7K 27.2K 24.0K 1996 F 2221 F e?.er 29.95 o.J" 1119 r 1210 F •••.2r 95.2F 1o1.er 4.4 

500 9.8P 0.8P 1.5P 8.88P 69,9F J7.5F 8 .SF 10.9f 1.0 69.6f J0.2F 75.4F 

ll:il:OO 27.8K 27,9K 24.6K 1903 F 2220 F 8B.IF 28.95 0.4" 1314 F 1209 F 114.1F 95.3F 102.JF 4.3 

500 20.9P 0.5P 5.1P 0.02P 6B.7F 36.SF 82.1F i8.?F 1.0 70.PF 129.1F 76.1F 

5.4 53.1" 

5.4 5l. l" 

5.4 5J.2A 

5.2 52.6" 



2 5 nRC-HDUHP PEVElDPHEHTAl IIRSTE ~ROCESSIHG SVSTEH; GlAS> FURHA~E AHP C'/llOIIE llftiHERAID~ 
0010 01 02 OJ 04 05 06 07 08 09 10 II 12 IJ 14 15 •16 
100 --GlASS FURNACE POUER---1-----------------------·-------GAS PARRHETERS---------------------------------------------------------t 

' 200 kU AI kU BC KV CD UBR II CHBR 12 AHB J i!AR P AIR ORH OFGS II DFGS J2 ~LUG OJ HSJ 01 EXH OJ DlUG P VHTR PP AIR AIIB 
JOO 
400 1-----------GAS PARAHEIERS CDNI--------1--------•--------•LIOUIP rRRRHEIERS------------------------------------1 
500 02 COnBUS tO C02 ltOX I HE 1111 HE 01 RAD IHI PAD OT CSIC PH StRB II DlG RIH UHI Rill 
600 ~-----------------------------------------------~-------------------------------------------------------------------------------
n:J6:oo 27. 7K 27.9K 24.6K 1900 F 2216 F BB.IF !28.95 o.Jn 1312 F 1207 f 112.4F 94.6f 102.7F 4.J 5.3 52.5H 
500 U.7P 0.7P 7.3P 1.82P ' 68. 7F 64. 7f 82.JF 79.SF 1.0 69.8F 128.9F 75.4F 

u:Ja:oo 27,7K 27.9K 24.6K 1914 F 2207 F 
i 

88.2F '28.95 o.3n IJI3 r 1204 F 113.4F 94.0F 103.0F 4.4 5.2 s2.on 
500 12.5P O.SP UP t.o2P . 68.7F 6J.6F 82.6F 79.2f 1.0 69.7F 129.8f 75.5F 

n:4o:oo 27.7K 27.9K I 24.6K 1906 F 2203 F ee.4r l2e.9' O.Jn Ill! F 1205 f Ill. 2f 9J.8F 103.5F 4.2 5.2 52.Jn 
500 12.4P o.er 1.4P 9,20P I 68,9F J6.5f 8J.OF 79.6f 1.0 69.8F IJD, Of 75.6f 

u:u:oo 27,6K 27,9K 24.7K 1931 F 2194 F ee.sr l2e.'95 o.3n nos r 1205 F IJ2,0f 9J.5F IOJ.BF 4.3 5.2 "·'" 500 IMP G.IP MP t.I4P I U.IF J9.2F 8J.OF 79.7F 1.0 69.9f IJO. 6f : 75.6f ' 
trJ I 

88.6F 128·" I I u:44:oo 27.6K 28.0K 25.1K 1946 F 2194 F o. Jn nos r 1202 F IIJ.IF 9J.IF 104.2F 4.4 5.2 51.5H "' ' 500 12.4P 0.8P IO,OP 1.60P . 69.6F 44.8F BJ.JF 79.9F 1.0 70,4F IJO, 2F 76.1F "' I 
"' ' i n:46:oo ·27 .5K 28.0K 25.0K 1847 F 2186 F 88.9F 128,, o. Jn JJ06 r 1201 F 114.Jf 9J.2F 104.7F 4.2 5.2 so.9n 

500 U.2P G.IP '·" 1.76P · , 69.6F 65.4F 8J.OF 79.9F 1.0 70.5F IJO.Of 75.JF 

n:48:oo 27.,K . 27.9K 25.1K 1879 F 2184 F 19.2F 128,91 O.Jn 1305 F 1199 F 112. 7F 92.9F 104.9F 4.2 5.2 50,7H 
500 U.IP o.tP I0.7P 1.98P \ 69. F 40.1F 8l.JF 79.9F 1.0 . 70. 7F IJO,IF 76,3F 

JJ:5o:oo 27.5K 27.8K 25.1K 1863 F 2179 F 89.6F 128," O.JH IJOO F 1197 F 112.6F 92.7F IOS.OF 4.1 5.2 49.5" 
500 J2,2P 0.7P 11.6P •• 76P ! 69.9F 41. 2F 8l.7F 79.8F 1.0 70.8F 12MF 76.4F 

u:s2:oo 27.4K 27.6K 24.'lf< 1837 F 2174 F I 
o.Jn 1296 f IUJ f 112.2f 92.4F 105.2F 4.2 5.2 49.6H 90.0F !28.95 

500 U.JP O.SP 11.6P t.JBP ! 70.JF 14]. 9f 83. 7F S0.2F 1.0 71.JF 128.JF 76.6F 

n:54:oo 27.4K 27.7K 25.1K 1837 F 2169 F 90.5F 128.95 o.Jn 1295 r mo r m.2F 92.JF 105.5F 4. 4 5.2 48.9H 
500 12.JP 0.7P "·" •• 78P '. 70.0F 41. 9F 8l.6f 79.9f I. 0 7I.OF 127.0f 76.7F 

n:56:oo 27.4K 27. 7K 25.1K 1913 F 2164 F 90.9F 28,95 0.2" mo F 1192 f 111.4F 92.1f lOS. 6F 4.1 5.2 48.5H 
500 12.5P 0,1P U.8P t.OOP 70.7F 40.5F 8l.2F 80.1f 1.0 7J,6F 127.8F 76. 7F 

u:59:oo 27 ,4K 27.7K 2S.IK 1935 F 2159 F 91.JF 28,95 o.ln 12e9 r 1199 ~ "l:ir 1l:~~ m:Jr 1Ur 5. I 48.2" 500 II. 7P 0.7P n. 2P I0.02P 71.0F 42.if 8l.6F 80.2 

14:oo:oo 27.4K 27. 7K 25.1K 1940 F 2152 F 91. 7F 29.95 O.l" 1290 F 1197 r III.Sf 91.9F I05.7F 4.2 5.1 48.1H 
500 11.8P 0.8P II. 4P 9, 92P ! 71.lf H. sr 8J.6F so. lf 1.0 72.1f 126.5F 77,1F 



IJj 

' N 

"' w 

2 $ 
OllJO 
100 
200 
JOO 

HRC-nOUHD DEOHOPIIEHIAL IIA51E fP.OCESSIHG SYSl£11) GLA$5 fURHA[£ AHD ('/tlOIIE Ill( IIIERAIOR 
01 02 OJ 04 0$ 06 07 09 09 10 II 12 IJ 14 15 16 

--GlASS FURNACE POUER---1-------------------------------GA> PARAHEIERS---------------------------------------------------------1 
kV AU kU DC KU CD CMBR II CMBR 12 nne T DAR P AIR O~M OFGS Tl DFGS 12 ~LUG DT nsT 01 EXH 01 DLUG P VHIR DP AIR RIIB 

~00 1-----------GAS PARAftEIUS CDHI -------·1·-·--·-·----------LIOUIO PAF.AMEIERS------ ----------------- -----------7-l. , 

500 02 CDRBUS CD C02 !fOX HE IHT HE OT RAO IHI RAt• 01 CSIC PH SCRB IT DLG RIH UHT RT)IL 

oOO -------------------···----------------------------------------------------------------------------------------~rf'"·-------------

i4:02:00 29.4K 28,0K 25.0K 1952 F 2144 F 91.9F 29.95 0.4" 1285 f 1181 F 111.5F 92.0F 106.4F 4.3~~ 5.1 49.1H 

500 U.OP 0.9P 14.4P 9.IOP 71.5F 49.5F 8J.SF BO.SF 1.0 72.6F 126.7.F ?7.7FW 

14:04:oo 27.7K 27.JK 25.1K 1914 F 2131 F 92.1F 29.95 O.J" 1295 F 118J F 111.6F 91.4F I06.2F 4.3 5.0 47. '" 
500 U.IP 0.8P 14.4P MOP 71.8F J9.JF 8J.7F BO.OF 1.0 72.4F 126.7F 78.0F 

14:06:00 28.7K 27,5K 25.1K 1805 F 2127 F 9l,OF 29.95 0.2A 1280 F 1179 F 110.9F 91,3F 106.8F 4.3 5.0 47.2M 

500 U. 4f O.UP IMP 9. 20P 72. ~F 47. 4F 8l.6F 80. 5F I. 0 73. JF 125. 5F 79, OF 

14:oo:oo 27.7K 27.SK 25.0K 1796 F 2116 F 94,0F 28.95 0.3" 1278 F 1178 F III.SF 91.0F I05.5F 4.2 5,0 47.JH 
500 12.3P 0.8P 1$,6P 9.26P 72.9F 5J.OF 84.2F 80.4F 1.0 7l.~F 124.7F 77,9F 

14:IO:Oo 27,JK 27.6K 25.0K 1816 F 2109 F ,J.4F 29.95 0.3" 1277 F 1177 F 112.6F 91.1F 105.4F 4.2 5.2 46,6" 
500 U.JP 0.8P 16.1P 9.02P 72.~F 47,6f 84.1f 80.0f 1.0 7l.6F 126.JF 78,6F 

14:12:00 27.1K 27.5K 24.9K 1804 F 2102 F 9l.6F 28.95 O.Jn 1278 F 1176 F 113.6F 91.JF 105.9F 4.3 5.1 46.1" 
500 J2,4P G.IP 16.6P 8.72P 7l.Of 55,8F 84.JF 80.H 1.0 74.4F 127.2f 78.5F 

14:14:00 27.1K 27.5K 24.8K 1809 F 2097 F 93.9F 28.95 O.JH 1217 F 1177 F ii4.1F 91.2F 105.2F 4.3 5.1 45.9" 
500 U,5P 0.7P 16.6P 8.50P 72.9F 49.4F 8J.7F S0.2F 1.0 74.0F 129.2F 79.2F 

11:1&:oo 26.8K 27.5K 24.7K 1738 F 2oae r 94.2F 28.95 0.2" 1277 F 1177 r 114.0F 91.2F 1os.JF 4.1 5.1 44.7" 
500 ll,,P @,6P 17.2P 7.78P 7l.IF 49.6F 84.JF UO.IF 1.0 74.0F 29.8F 79.4F 

U4:1e:oo 26.9K 27.5K 24.4K 1796 F 2084 F 9l.7f 28,95 0.2n 1275 F 1180 F 114.3F 91.2F 105.4F 4.1 5.1 44.9" 

500 U.5P 0.4P 17,JP 5.28P 73.JF 7l.JF BJ.7F . 80.7F 1.0 7MF U9.5F DO.OF 

14:2o:oo 27.0K 27.6K 24.8K 1730 F 2092 F 93,9F 28.95 0.2H 1273 F 1179 F IIJ.9F 9J,IF 105.2F 4.3 
500 2UP 0. JP 16. 9P U2P -7J. 4F 52. SF 83. 7F 80. 2f 1.0 74. JF IJO.IF 79.6F 

14:22:00 27.oK 27.6K 24.6K 1795 F 20Sl F 93.6F. 28.95 O.Jn 1276 F 1175 F 114.0F 91.2F I04.5F 4.2 
500 21.1P 0.3P U.JP 0.5BP 73.6F 5J.6F 8J,9F BO.IF 1.0 74.2F 129.5F 79.6F 

14:24:00 27.2K 27.6K 24.6K 17~1 F 2075 F 93,4F 28.95 0.2M 1270 F 1115 F 113.7F 91.1F lOS. IF 4.2 
500 U.lP 0,6P U.IP 9.18P 73.6F 7J.4F 84.1F 80.0F 1.0 74.2F 129.3F BO.IF 

ll:zo:oo 27.1K 27.5K 24.6K 1782 F 2073 F 9J.4f 28.~5 0.2H 1169 F 1173 F 114.5F 91.1F lOS. IF 4.2 
500 17.6P O.SP 18.6P 5.80P 73.if 72.1F 94.0F S0.4F 1.0 74.5F IJI.OF 79.9F 

5.0 44.J" 

5.1 45,0M 

5.0 44,0" 

5,0 4UA 



2 ~ ftRC-KDUHP PEVELOPIIEIITAL VASTE PRDCESSIHG SVSI~IIS GLA>S FIJRIIAlE RHO ('/I.LUIIE lilt I HERAlD~ 
0010 01 02 OJ 04 05 06 07 08 09 10 II 12 13 14 15 16 
IOU --GLASS FURHACE PDVER---1-------------------------------GAS PARAHEIERS---------------------------------------------------------1 
lOQ KV AB KU BC KU CO CftBR II CMBR 12 Aft8 I BAR P AIR DRH DFGS II DFGS 12 HUG 01 HSI 01 EXH 01 OLUG P UHIR DP AIR AHB 
JOO 

1---------•-GAS PARAftEIEIS COHI--------t----------~-------LIOUIO PARAIIEIERS------------------------------------1 lOO 
500, 02 COHBUS co C02 ifOX HE lilT HE: OJ RRD IHT RAD 01 CSIC PH 5CR8 II DlG RIH UHI RIH 
600 --------------------------------------------------~--------~--------------------------------------------------------------------j 
Jl:29:oo 27,9K 27.0K 24.7K 1795 F 2070 F 93.3F 2'9.95 O. 2ft 1269 F 1171 F II 4. 9F 91.1F lOS. OF 4. 2 5.0 44.0H 
~00 20.0P 0.4P II.IP J.26P 7J.7F U.7F 94,5F BO.BF 1.0 74.9F 131. IF 90,6F 

H:lo:oo 26.9K 27.4K 24.4K 1763 F 2071 F 
I 

93,6F 29,95 o. 2ft 1270 f 1171 F 114. 7f 91. 2f lOS. If 4. I 5.0 4l.IH 
500 20.4P 0,4r II.OP 

2. "' i73. 9F n.•r 94.2F 90.6F I. 0 74,5f IJO.Sf BO.Of 
'· 

Jl:12:oo 26.9K 27,4K 24,JK 1759 F 2069 F 93.8F 28.95 o.zn 1266 F 1170 F 114.1F 91.Jf I05.2F 4. I 5.0 4J.4ft 
500 20.4P O,]P ll.tr 2.56P 73.2F 4B.IF 8J.7f BO.JF 1. D 74.6F I JO. 2F 80.2F 

14:H:oo 26.9K 27.4K 24.31< 1788 F 2066 F 94.0F 2~. 95 o.zn 1265 r 1169 F II ..OF 9J,JF I05.2F 4.1 4.9 4J.on 
500 20.5P O.JP 17, BP 2.26P 74.2F 55.4F 84.0F 80.5F 1.0 74.9F IJ0.5F 80.2F 

IJj i 

I 14: J6:oo 26.9K 27.3K 24,31< 1759 F 2062 F 94,1F 28.95 o.zn 1261 r 1165 F IJ4.0F 91.1F 105.1F 4.0 5.0 42.3ft 
N 500 20,5P 0.4P II.IP 2.09P :74,4F 57.JF 94.4F S0.5F 1.0 74. 9F 129. 4F 80.2F 
"' ' .... i 

14: J&: DO '27 ,JK 27.4K 24.JK 1786 F 2058 F 94,3F Z8,95 0.1H 1161 F 1164 F lll.BF 91.1F I04.9F 4. I ~.I 42.9H 
500 21. JP 0.4P II.IP 2.00P !74. 5F S'l.7F 84.4F 80.6F 1.0 75.1F 128.1F 80.4F 

I 
14:4o:oo 27.1k 27,4K 24.2K 1845 F 2058 F 94.2F Z8.9~ 0.2H 1261 F 1164 F II2.8F 91.0F 104.9F 4. I 4.9 42.2H 
500 18.1P 0,4, lt.6P 7.26P 74.7F SiJ, 9F 84. 4F 60.6F I. 0 75.2F 121.1F 80.4F 

14:42:00 27.7K 27.4K 23.9K 176S F 2048 F 94.4F ZB.95 0.2n 1256 r 1162 F lll.OF 90.9F 104.8F 4.0 5.0 42.4H 
500 14.9P 0.5P 2UP I.HP [74. 9F 54. 9F 84. 2F S0.6F 1.0 75.5F 126.1F 81.1F 

I 

14:44:00 27.1K 27.4K 23.3K 1771 F 2045 F 94.5f ~8.95 o.1n m2 F 1mr Ill. 4F 91.0F I04.8F 4.3 4.9 42.0ft 
500 16.6P UP 20.6P 1.m !i5.0F 5J.BF 84.7F 80,6F 1.0 75.6F 126.1F 80.5F 

I 

14:46:00 27.1K 27,4K 23.2K 1776 F 2042 F 94. 7F 2e. 95 O. 2ft 1251 F 1157 F 110. 9F 9l.IF I04.8F 3.9 5.0 4J.en 
500 20.4P 0.4P lO.JP 2.48P )75. JF 55.4F 84.0F 80.4F 1.0 75.8F 124.9F 80.6F 

14:ta:oo 26.8K 27.2K 24.0K 1748 F 2041 F 94.7F :19.95 O.lft 1251 F 1156 F 110.8F 91.lF I05.2F 4.1 4. 9 41.7" 
500 20. 5P 0.4P 20.1P I. !8P 75.5F 54. 2F 84.2F 80.~F 1.0 76.1F 125. 5F 80.8F 

l4:so:oo 21.0K 27.1K 2J.9K 17~6 F 2035 F 94.9F 28.95 o.2n mo r 1153 F Ill. SF 91. JF I~Ur e::aF 
s.o 41.7" 

500 15.4P O.SP 21. JP 7.76P 75.7F ~6.<f S4.0F 90.6F 1.0 76. f 

14:~;:00 26.9K 27.1K 2J. ~~: 1734 F 20ll F 94.9F 2B.n 0.2n 12H F 1151 F Ill. 6F 91. JF 105.2F 4.0 S.l 41.5ft 
suo 11.0P 0.6P 2l.IP 6.86P ! 75.PF 57.JF 8J.BF PO. iF I. 0 76.5f 124. 7F 81.2F 



2 $ ftRC-ftOUHD OEUELDPHEIITAL IIASTE ~ROtESS I HG SVSIEilS GlASS FURHAtE AIIP C'lllOIIE llltlliEPATOR 
OOlO 01 02 Ol 04 05 06 07 09 09 10 II 12 13 14 15 " 100 --GlASS FURHACE PDWER---1-------------------------------GAS PARAIIETERS---------------------------------------------------------1 
200 KU AD KVOC kU CD tft8R II tMBR 12 AMU I 9AR P AIR O~n OFGS T1 DfGS 1? OLUG 01 liST 01 EXH 01 DLUG P UHTR OP AIR AH9 

J•JO 
lOO 1-----------GAS PARAKEIERS COHI--------1------------------lfQUID PA~AMETERS------------------------------------1 
500 02 COM BUS co C02 HOX HE IHI HE 01 RAD IHI RAD 01 C51t PH SCRB II DlG RIH UHI RIH 
600 -···~---------------~-------8--------------------------------------------------· ------------------------------------------------
14:54:00 26.9K 27.1K 23.4K 1755 F 20i0 F 94,9F 28.95 0. In 1249 F 1154 f 110. 6F 91.JF 105. 2F 3.9 s.o 4l.&n 

SOD 20,3P · 0.4P J1,5P 4,70P 76,0F 54.Jf 84.5F eo.;r 1.0 76. 7f m. &r 91. 2f 

14:56:00 26.9K 27.1K 2J,j~ 1727 F 2015 F 94.SF 28,95 o.m 1247 r 1155 F 110. 7F 91' 2f 105.2F u 5.0 41. 2" 

SOD 2UP 0.4P 21 .JP z.m 76.1F 55. IF 94.6f S0.9F 1. 0 76.8f 124.3F 01. Jf 

i4:so:oo 26.9K 27,0K 2J.2k 1744 F 2016 F 94.1F 28.95 O. I" 1250 F 1156 f 110.6F 91,4F 105.4F 4.1 5.0 41.0A 

500 U.SP 0.6f U.1P 7.24P 76,2F 73.6f 84. 2F 8D.7F 1.0 17.1F m.or 81.4F 

1s:oo:oo 26, 9K 27.0K 23.JK 1732 F 2015 F 93.5F 28.95 0.2" 1247 f 1152 F III.SF 91.4f IOS.4F M 3.0 ' 40,BA 

500 16.6P UP U.BP '·"' 76.3F 52.0F 94.0F 80,6F 1.0 77.2F m.9F 81.6F 

to 
n:oz:oo 27,0K 27.0K 23.4K 1761 F 2015 f 93,1F 28,95 o.2n 1211 r 1154 F lii.7F 9J,6F 1~5.5F M 4.6 40,2A 

' : 500 18.1P MP 2l.SP 5.98P 76.5F 54,4F B4.3F BMF 1.0 77.4F m.sr 9UF 

"' ' "' I 15:04:00 26.9K 26.9K 2J.2K 1754 F 2015 F 93.2F 28.95 o. 2n 1246 F 1150 F m.or '11.6F I05.6F 4.0 s.o 1o.6n 
VI ' 500 20.1P O.SP 

1
24,4P 5.62P 76.8F 55. 0F B4.JF BO.BF 1.0 77.6F m.9F 81,9F 

1s:o6:oo 26.9K 26.9K 23.1K 1754 F 2009 F 93,3F 28.95 O.ln 1245 F 1150 F 112-'F 92.0F lOS. SF M 5.1 40.2A 

500 20.6P O.IP H.OP 2.06P 77.2F 72.0F 84.4F SO. 4F I. 0 77.9F 125. JF 82. 4F 

1s:oo:oo 26.9K 26.8K 2J.IK 1767 F 2008 F 93,7F 28.95 0.2N 1245 F 1149 F Ill. 'F 92.2F ~06.0F .~J 5.1 40.9H 

500 20.6P 0.4P U.IP 1.62P 77.4F 75,7F 84.5F P0,6F 1.0 78,JF 25.8f 

1s:ao:oo 26.9K 26.9K 2J.IK 1747 F 2007 F 94.1F 28.95 0.2H 1243 F 1148 f IIMF 92. JF 106.0F u 3.0 3UH 

500 2UP o.,P 2!.5P J,lOP 77.6F 75.2F 84.SF 80. 7F 1.0 79.4F m.9F 82.7F 

iS: 12:00 26.9K 26.9K 2J.IK 1720 F 2005 F 94.4F 28.95 0.2H 1240 F 1147 F 112.1F 92.JF I06.0F 4.0 5.0 JUH 

500 2UP 0.4P U.&P I.IOP 77.9F 75.6F 84.2F eo. 6F 1.0 78,6F m.or u.or 

1s: 14:oo 27.0K 26.9K 2J.2K 1718 F 2004 F 94.9F 28.95 0.2" 1237 r 1146 F Ill, 7F 92.5f 106.2F 4.0 3.0 
39. '" 

500 2o.&P 0.4P U.lP 0,86P 7B.IF 57, 9F 84. IF 90.5F 1.0 78. 7f m.sr OJ.2F 

15:16:00 26.9K 26.9K 23.01: 171l F 1998 r 95.2F 18.15 0. IM 1241 F 1148 f 11].7F 92.0f 106,JF eUr 5.0 J9.5M 

500 IMP 0.4P H." 5.86P 79.2f 57.5f 84. SF eo. er 1.0 7B.9F m.JF 

u~:1e:~o 27.0K 26.9K 2l.OK 1725 F 1991 F 95.7F 29,95 o.2M mer 1145 r m.IF 9l.OF 106.5F 3.' 4. 9 39.4K 

500 20.SP 0.4P 2Z..8P 0. 98P 79. lF 57.1F 8l.8F eo.7r 1.0 79.1f !15.8F BJ,6F 

•• 



tx1 
I 

"' "' "' 

' 2 5 
OOJO 
100 
200 
lOO 
lOO 
500 
600 

HRC-HDUHO OEUElDPitEitiAL YAS1E P~D(ESSIHG ~VSj1EI1S GlASS FURIIRlE AltO ('/UDIIE IHliiiUAIDR 
01 02 OJ 04 OS 06 ·o7 08 09 10 II 12 13 14 15 16 

--GlASS FURHACE POWER---1------------------------c------GAS PARAHE1E~S---------------------------------------------------------I 
KV AS KU BC KV tO tnBR II tHBR 12 AHB T BAR P AIR O~H OFGS 11 OFGS 12 bLUG 01 HST 01 EXH 01 blUG P UHIR OP AIR RHB 

I 

1-----------GAS PARAnEIERS tOHI--------1---------c--------liOUIO PARA11EIERS------------------------------------I 
02 COHBUS CO t02 HDX ~E IHI HE 01 RAO IHI RAP OT CSIC PH SCRB II OlG RIH UHT R1H 

---------------------------------------------------------------------------------------------------------------------------~----

•. 15:20:00 27.0K 26.8K 23.1K 1731 F 2001 F 96,0F [28.95 O.IH 1239 F 1144 F 112.9F 9l.2F I06.7F 4,0 5.0 JMH 
500 20,SP 0.4P 2J.6P 0.70P 79.5F ~7.6F 84.SF 80.9F 1.0 79.3F 125.8F Bl.BF 

15:22:00 27,0K 26.eK 22.9K 1721 F 2001 F 96.Jf ~8.95 0.2H 1232 F 1145 F 112.7F 93.3F 106.7F 4.1 4.9 J9,JH 
500 20.4P 0.4P U.JP MOP . 78.8F 5B.BF 84.8F 80.8F 1.0 79.5F 126.1F 84.0F 

i 
15:24:00 27.0K 26.8K 22.9K 1749 F 1997 F 96.6F i28.~5 • O.IH 1239 F 1142 F 113.1F 9J.4F I06.9F 4.0 5,0 38.811o 
500 20,4P 0,4P U.5P 0.54P • 78.9F 57,9F 84.3F 80.6F 1,0 79.6F J25,2f 84,2f 

15:26:00 27.0K 26.8K 22.9K 1732 F 1998 F 96.8F ~28.95 0.2H 1238 F 1143 F 112.4F 93.5F I07.0F 3.8 5.0 J8.6H 
500 20,5P 0.4P U.IP 0.98P · 78.9F 56.9F 83.6F BI.OF 1.0 79.7F 126.1F 84.JF 

15:28:00 27,0K 26.8K 22.9K 1743 F 2000 F 96,9F ~28.95 O.ln 1239 F 1142 F IIJ.OF 93.6F 107.2F 4.0 5.0 38.0H 
500 20.5P 0.4P U.9P 0.42P · 79.2F 56.9F 85.1F BI.IF 1.0 79.9F 126.7F 14.4F 

! • 

15:3o:oo 127.0K 26.7K 23.0K 1749 F 1999 F 97,0F 128,95 O,IH 1236 F 1143 F IIJ,7F 93.8F 107.JF 3,9 4.9 38.3H 
500 20," 0.4P U.OP 0.42P · 79.3F 58.5F 85.1F 81.4f 1.0 80.2F 126.9F 84,5F 

15:32:00 27,0K 26.7K 23.01< 1741 F 1996 F 97.2F 128.9~ . O.ln 1236 F 1142 F 1.14.1F 94.0F 107.2F 4.0 4.9 38.1H 
500 20,6P O,JP U.5r 0.46P 79.5F 58.6F 85.2F 81.6F 1.0 80.2F 126.5F 84.BF 

' 

15:34:00 27.0K 26.4K 23.1K 1749 F 1997 F 97.4F ]28,95 O.tn 1234 F 1140 F IIJ.4F 94.0F I07.3F 4.0 4.9 37.2n 
500 2D.6P O.lP 2J.4P O,l6P ·79.8F 57.3F 85.0F 8l.lf 1.0 80.4F 126.SF 84.9F 

I 
15:36:00 27.0K 26.5K 23.4~ 1745 F 1995 F 97.6F 128., 0.2n 1234 F IIU F 114.0F 94.1F 107.3F M 4.9 l7.5H 
500 20.7P 0.4P U.3P 0.76P. . BO.IF 58.2F 85.6F 81.4f 1.0 80.8F 126.3F 85.1F 

15:la:oo 27.0K 26.5K 23,2K 1729 F 1994 F 97.8F i29,95 0.2H 1235 F 1140 F 114.0F 94.3f 107.6F 3.9 5.0 l7.3H 
500 20,7P O.JP 22.1P O.m . 80.4f 57.0F 84.8F 81.1F 1.0 80.9F 126.7F 85.4F 

15:40:00 27.0K 26.6K 2J.Q~ 1729 F 1989 F 97.8F 128.95 O.ln 1231 f 1141 F IIJ.7F 94.5F 107.6F 4.0 4.9 37.2n 
500 20.5P O.SP 2],5P 5.80P : 80.8F 77.9F 84.8F 81.1f 1.0 81.lf 126.6F 85.7F 

i 
15:42:00 27.0K 26.6K 23.01( 1725 F 19~1 F 97,8F !28.95 O.ln 1229 F 1140 F 114.1F 94.7F f07.7F 3.9 
500 20.8P 0.4P 2J.7P 4.JOP 8l.IF 78.7F BUF SO.ef 1.0 81.6F 2&.5F 86.0F 

5.0 36. '" 

IS:H:OO 26.9K 26.6K 2J.O~ 1707 F 1988 f 97.9F 28.95 O.IH 1231 F IIH f 114.8F 94.9F 107.8f 3.8 4.9 37.0H 
500 20.7P 0.4P 2l.lP 0.41P BI.Sf 78.9F 84.H ~0.9F 1.0 81.9F 126.8F 86.4f 



' 2 5 nRC-MOUND DEUELDPNEIITAL IIA>TE fROtESSIHG SVSTEIIS GLASS FURHACE AHP C'ICLOf:E JIIC I HERA IOR 
0010 01 01 Ol 04 05 06 07 09 09 10 II 12 ll 14 15 16 

100 --GLASS FURHACE POYER---1-------------------------------GAS PARRHEIERS---------------------------------------------------------1 
200 KU AU KU BC KU CD CMBR II CHBR 12 AMB I BAR P AIR ORM OFGS II OFGS 12 L'LUG 01 MSI 01 EXH 01 ~LUG P UHTR DP RIR AHB 
JOO 
400 t-----------GAS PARAAEIERS COHI--------1------------------LIOUIO PARAHEIERS------------------------------------1 
500 02 consus co m lfDX HE INT HE 01 RAD 1111 RAP DT CSTC PH SeRB IT Dl6 RlH UHI RIH 
600 ·-·--~·-------------------------------------------------------------------------------------------------------------------------

15:46:00 26.9K 26.6K 23.01: 1725 F 1987 F 99.1F 28.95 0.2M 1227 F 1138 F m.rr 94.9F 107.9F 3.9 4.9 ~~·'" 
500 20.7P O.IP 21. 7P o.m 91.8F 57. 4F 84.5F 80.6F I. 0 82.2f 126.4F 86.7F 

15:1e:oo 2~.9K 26.5K 23.01: 1745 F 1984 F 98.2f 29.95 0.2" 1227 F 1136 f Ill. 9F 95.4F IOB.OF 4.0 4. 9 36. '" 
500 20.8P O.IP 22.lP o.m 82.1F 59.8F 84.Jf 80.6F 1.0 82.6f 126' 7f 86,8F 

n:so:oo 26.9K 26.5K 2J.IK 1723 F 1994 F 9B.JF 29.95 O.IM 1227 F 1135F 113.4F 95.4f IOB.OF u 5.0 36.0" 

500 20. fP O.lP 22.9f o.m 82.4F 57. 9F 04.2F 80.4f •• 0 82.9f 126, If 87.1F 

1s:sz:oo 26.9K 26.5K 2J.IK 1701 F 1980 F 99.5F 29.95 o.zH 1222 r lll5F II !.OF 95.7F 109.0F 3.' 5.0 J6.Jn 

500 20.7P O,JP n.sr 0.20P U,OF 60.JF 84.5F 80.5F 1. 0 8l.JF 126. 2F 81.5F 

n:s4:oo 26.8K 26.JK 2J.8K 1708 F 1976 F 91.7F 28.93 O.llt 1222 f tm r m.1r 95. 4f 108. IF 3.7 4.9 J5.91t 

500 20,7P O.JP lUP O.I&P 8J.2F 80,4F 84.5F 90.Sf 1.0 OJ. If I24.6F 87.7F 
tJj 
I 1s:s6:oo 27.2K 26.3K 2J.9K 1688 F 1966 F 98.8F 28.95 0.2fl 1224 F IIJ4 f IIUF 96.4F IOB.2F 3.9 4. 9 J6.11t 

N 

"' 500 20.7P 0.3F U.DF o.m 84.2F ?9.1F 84,4F 80.JF 1.0 84.5F m.6r UD.JF 
-..1 

n:so:oo 27,5K 26,5K 24.1K 1717 F 1963 F 98.6F 28.95 0.2~ 1222 F IIJ5 F 114.1F 96.6F 109.4f 3.8 5.0 l6.01t 

500 20. 9P 0.4P n.JP O.IBP 84.4F BJ.If 8J.8f eo. 7F 1.0 84.9F 125.7F 88.9F 

1s:oo:oo 27.2K 26.JK 23.8K 1724 F 1957 F 99.0F 28,95 o.~n 1212 ~ ·~JJ ' 
IIUF ZHf IYNr ei:Zr 4.9 35.7M 

500 20. IP o.JP n.sr o.I4P 85.PF 79. F 84.3 1.0 1.0 

16:oz:oo 27.1K 26.2K 23.71< 1709 F 1962 F 97.7F 28.95 0. IM mi F IIJJ F 115.7f 97. 2F 108.4F 3.7 5.1 35.SM 

500 2UP O.JP 20.5P O.IOP 85.8F 82.2F 84. 2F B0.9F I. 0 86.1F 126. OF 9D.IF 

16:04:00 27,0K 26.JK 2J.JK 1705 F 1959 F 96. 4f 29.95 0.2M 1223 F llll F m.6F 97.4F 109.9F 3.7 5.0 JS.2M 

500 2UP O.JP 20.1P O.OSP 86.6F U4,0F 84,JF 80.8F I. 0 86. 7f 12$.7F 9D.7F 

16:06:00 27.1K 26.1K 23.4K 1704 F 1954 F 97.JF 28.95 0.2M 122JF lllJ F 117.1F 98. JF IOB.BF 3.9 5.0 J4.5M 

500 20." 0.4P 19.7P O.IOP 87.2F ~O.iF 94.if 80.5F I. 0 87.6f 127.7f 91.0F 

16:oe:oo 27.2K 26.1K 23.6K 1717 F 1950 F 96.6F 28.95 0,1M 1111 F llllf 116. IF 99.7F 109. IF 3.7 5. I 35.1M 

500 20.6P 0.4P 19. 7P D. lOP B7.6F i6.tF G4.0F 80. 7F I. 0 97. 9F 127. 7F 91. 7F 

to: 10:oo 27.JK 26.1K 23.71< 1695 F 1950 F 96.3F 28.9~ O.IM 1220 F IIJ2 F 115.BF 99.0F 109.0F 3.9 5.1 
34. '" 

500 2UP 0. 4P 19.6P 0. 12P sa.or 6J.1F 84.4F SO. 4F J. D 89.Jf 128.0F n.oF 

' 



2 5 nRC-HOUitO OEUELOPNEH'iAl UA5TE t'RUI.E:O~IHb ~·I~I~N) bLH» tu"""'·t """ •.r•.cu"< ""'"<""'"~ 
0010 01 02 OJ 04 05 06 :07 09 09 10 II 12 ll 14 15.- 16 

100 --GlASS FURHRCE PDYER-··1··--------------······--·~---··GRS PARAHETERS·····--·------······------------·····················-····1 

~~g . kU AB KV BC KV CO CHBR II tHBR 12 AHB I BR~ P AIR ORH DFGS II OFGS 12 DLUG OT HST OT EXH 01 OlUG P UHIR OP AIR AHB 

400 !···········GAS PftRRHEIEIS CDNI·····-··1··········~----···liOUIO PA~AIIEIERS····································I 
500 02 CDHBUS CD C02 HOK HE IHT HE DT RAO IHT RR~ 01 CSTC PH SCRB IT OlG RTH VHT RTH 

600 -------~------------------------------------------+--------+------------------------------------------------------------------~ 

l6:12:00 27.4K 26.1K 2l.6K 1695 F 1946 F 95.0F 28.95 O.OH 1219 F 1110 F 116.9f 99.3F I09.5F 3.8 5.1 34.1H 

500 2o.6P 0.4P 20.JP 0.50P ,8,1F 85.6F 84.4f BO.lf 1.0 89.9F 127.3f 92.2f 

16:14:00 27.lK 26.0K 2J.4K 1715 F 1946 f 96.5F 29,95 O.IH 1218 F 1129 f 117.7f 99.JF 109.0F 3.6 5.0 J4.1H 

500 20.6P 0.4P 20,5P 0.48P 88.6F "·2f 94,2f 80.5f 1.0 B9.0f t21.6F. 9l.OF 

16:16:00 27.4K 25.8K 2J,JK 1716 F 1944 F 94.6f 28.95 O.ln 1216 F 1129 f 116.BF 99.9F 109.2F J,6 5.1 J3,8H 

500 20,6P 0.4P 20,0P 0,56P 89.0F 74.5F 84.4f 80.4f 1.0 89.0f t21.0F 93.2F •• 
! ' 

16:18:00 27.4K 25.8K 22.8K 1697 F 1941 F 94.6F 2$.95 O.IH 1212 f 1126 f 115.5f I00.2f I09.2f 3.7 5.0 34.4H 

500 20.6P 0.4P U.9P 0.56P ii9.1F 71.2f 84.1f BO.Sf 1.0 B9.4f m.JF U.OF 

IJj 

~ 16:20:00 27.5K 26.0K 2J.2K 1714 F 1939 f 94.Bf 2,1!.95 O.IH 1222 f IIJ3 f 119.7f 100.2f I09.8f 3.6 4.9 33.4H 

"' 500 20.7P 0.4P 20.5P 5.5DP .9.4f 71.9f 84,6f BO.Of 1.0 89.7f 130.6f 93.8f 

00 • 

-16.:22:00- ~7.4K 25.7K 22.81( 1686 F 1937 F ,4,4f 2;9,95 O.IH 1209 f 1123 r ll4.8f IOO.Sf 110.2f 3.7 5.0 ll.Jn 

50l~ 21.5P 0.4P 20.9P 3,$6P .89.4F 84.1f 84.8f 80.6f 1.0 89.4F 124.0F 9l.4f 

16:24:00 27.5K 25.6K 2J.2K 1677 F 1935 F 94.1F ~8,, 0.2~ 1202 f 1119 f 112.lf 100.4f IIO.OF J.7 5.0 33.0H 

500 20. 5P 0. 4P 20. 5P D. 56P 1!9, 7F 84.1f 8J, 4f 80. 2f I. 0 90. Of 119. Bf 93. Of 

16:26:00 27,5K 25,7K 22.9K 1682 F 1929 F 94.0F 28.95 0.2n 1199 f 1115 f 110.5f IOO.lf IIO.Of J.7 5,0 33.4ft 

500 20.5P 0.4P IMP 0.40P f19.6F. tl.2f. 84.0f B0.2f 1.0 90.4f Ill. Of 93.2f 

16:28:00 27.4K 25.8K 22.7K 1691 F 1930 f 93.9f 2&.95 O.ln 1195 f 1112 f I09.5F I00.4f IIO.SF 3.6 ~.0 33.3H 

500 20.5P 0.4P lt.5P O.lOP 190.0f 86.7f 84,2f BO.Of 1.0 90.4F 115.5f 93.0f 

16:Jo:oo 27.4K 25.4K 22.3K 1677 F 1931 f 9l.6F l8.95 O.ln 1192 f 1110 f I08.4F I00.6f IIO.SF 3.7 5.0 J2.7H 

500 20.5P 0.4P 20.1P 0.24P 189.8F 84.3f 83.5f 79.7F 1.0 90.9f 113.9f 92.7f 

16:32:00 27.3K 25.6K 2l.IK 1678 F 1928 f 93.2f ~8.95 O.IH .1190 f 1107 f 107.5f 100.7f 110.6f-· . 3.7 5.0 J3.0H 

500 20.5P O.JP U.8P 0.18P 90.lf Sl.Sf Bl.9f 79.8F 1.0 90.9F 112.2F 92.6f 

16:34:00 27.2K 25.4K 22.4t: 1691 F 1931 F 93.2F ~8.95 0.2H 1186 f 1105 f 10f.4F 100.6f /18' .4f J.7 5.0 3l.IK 
500 20.5P O.JP 17.6P 0.18P ;o.6f 69.2f 8l.5f 7~.6f .0 91.0f .7f 93.0f 

16:36:00 21.1K 25.~K 22.7K 1630 F 1932 f 93.1F 28.95 0.2n 1194 f 1103 F 105.7f 100.7f 110.5f 3.7 4.9 l2.4n 

500 20.5P 0.4P 20.5P ·O.IOP · 90.5f 89.4f 8l.lf 79.4f 1.0 91.1f IIO.IF 92.9f 

--



' 
2 ~ nRC·"DUHD DE'JELOPMEIHAL IJASTE fRQl~SSIIl6 SVSIEifS GLASS FIJRHAH AHP mLDfiE IIIWIE~AIOR ~~· 

OOlO ·-6~~55 FUR~~CE PDV~~---t--~~----.~r~~~-·----~~------~~---Gil5 O~ARAIIE InS-----~~~----·~!: ••• --~~----- ' ----
1 -----~~------! ~--1 

100 
201) ::.~: .... ::.::5 ,::~::TtR:":lH\~-~:::.::J1:~~~~~-~:~fo::o ::~~:~::. :~~:-~:.:~:-~: .. ~::.~:--~~~:.:/ UH!ft DP AIR AIID lOO 
400 
500 02 mBUS 0 C02 HO~\ . )( HE IHI HE Dl RAP IHI RAO DT me PH SCf)l II OLG RTH UHT RIH 

600 ------------/·----·-------- - ------~J ~------------------------------------·-----------------------------------------------' . 
16:17:12 7 .I 22.71{ 1686 F 93.0F 28.95 O.OM 1183 f 1102 F 105. 3F I00.6f 110,6F u 4.9 32.6" 

500 20 MP ·O.I6P ;:-tto r.."ls 90,7F 89.JF 93. JF 79.2F 1.0 90. 9F 109.0F 9J.OF 

16:le:oo 27.1K 25.3K 2J.IK 1677 F 1926 F . 93.0F 29.95 o.on 1102 F 1101 F IOUF I00.6F IIO.SF 3.7 4. 9 32.4K 

500 20.SP C.4P U.9P -0.16P 90.6F ee.or Ul.Of n.zr 1.0 9I.OF I08.7F 92.7f 

16:39111 27.1K 25.4~ 1684 F 1929 f 92. 9F 28,95 0. IK 1182 F 1101 F I04.3F I00.6F 110.4f u 4.9 Jl.9n 

500 20.5P 0.4 104.8P 4.9BP 
'"lib 

'(M, 90, 7F 86.Bf 83,1f 79.2F 1. 0 91.4F IOB.OF 92. Bf 

-· 
16:4o:oo 27.0K 25.4K 22.9K 1674 F 1930 F 92.7F 28.95 0.2M 1182 f 1099 F 104,0F 100.1F 110-lf 3.5 5.0 31./K 

500 20,5P 0.4P 105.0P 5.28P 90,5F 88.8F 83.0F 19.3f 1. 0 91.1F 107. 7F 92.6F 

tJj 16:41:44 27.0K 25.3K 23.2K 1672 F 1922 F 92.7F 28.95 o.o" 1181 r 1100 F 103.9F 100.5F IJ0.4F 3.7 4.9 J2.2K 

I : 500 20,5P 0.4P U.7P 4,UP 90.4F 87.9F 82.9F 79. 3F D. 0 91. OF 106. 9F 9MF 

"' • 
"' I 1&:12:oe n.oK 25.2K 2J.2K 167? F 1923 ~ 92.7F 28,9S O.OH 1182 f 1100 F IOJ.SF I00.5F IIO.JF 3.7 4.9 32.1K 

"' soo ao.sr O.IP U.IP. S.OOP 90.5F 89.0F 83.2F 79.4F 1.0 9I.OF 106.9F 92.5F 

16:41:00 2&.9K 2MK 22.9K 1773 F am r 93,1F 28.95 O.IK 1043 F 1001 F 101. 5F 9MF 110.2F 0.4 7.2 31.3R 

500 20 • ., 0.4P -o.3P -o.m 90,2F 87.6F 82,8F 19.1F 1.0 90.6F 104.7F 92.3F 

1&:4&:oo 27.JK 25.4K 22.8K 1669 F 1917 F 9l.4F 28.95 O.IK 1197 F 1105 f IOMF 100. IF i10-6F 3.8 4.8 31.3" 

500 20.6P · O,!f -o. 3P -o. 22P 90.0F 88.3F Ol.IF 79.1F 1.0 90.6F 105. 9F 92.1F -
I 

I 1&:1e:oo 26.8K ~5,3K 22-aK 1679 F 1916 r 9MF 28.95 o.o" 1m r 1107 f 102.0F IOO.SF 110. JF u 4.9 !1.9n 

500 20.7P {:If -o. 2f -o;m 1 90.2F SI.Jf U.8F 79.1f ,.0 90. 7f 105.1f 92,3F 

·a6:so:oo 26.6K 25,'\l.K 22.~ 1674 F 1914 f 92.4F 28.95 0.1" 1199 f 1109 F IOUF 100. 6f1 110. 5F u 4.8 31. Jn 

500 20.7P 0.4P ·O.JP -0.22P B9.9F 84.BF 82,9F n.or I. p 90. 7F IOl.Of 92.0F 

16:52:00 26.6K n.2K 22.9K 1682 F 1911 F 92,6F 29.95 O.IH 1199 f 1109 F IOI.SF I00-6F 110. 7F ~ u u 31. 4" 

500 20.7P 0.4P -O.JP -0.20P 89. 9F 85.7f 82. 9J 79.1F 1.0 90.5f 103. 7F 91, 7F 

16:54:00 26.5K 25.JK 22.4K 1671 F 1911 F 92.7F 29,95 o. m me r 1110 F IOI.IF I00.7F po.SF 3.9 u 31.4A 

500 20.7P 0.4P -o.3P -o.m OMF 86.5F 82. 9F 79-0F ,1.0 ?O.lf OJ. If 91.4F 
t ', 

tt:~&:oo 2o.4~ 25.JK 22.4K 1686 F 1906 F 92.2F 29.95 0.1" 1200 F 1100 f 100; • 100.7F 110.7f 3.8 4.7 31.4" 

500 20. 7P 0.4P -o.lP -o.m 99.4F 95. IF Ol.IF i8.9F ' 90. 2F 102.4F 91.3F 

. 



trJ 
I 

"' __, 
0 

2 ~ 
0030 

I 100 
I 2QQ 

300 
400 
500 
600 

ftRC-ftOUHD DEUELOPitEHTAL IIASTE PROCESSING SYSIEII~ GLASS FURNACE RHO CVr.LOI!E II!CII!ERAIOR 
01 02 Ol 04 05 06 07 08 09 10 II 12 ll 14 I~ 16 

--GLA55 FURHACE POWER---1---------------------------c---GAS PARAIIEIERS---------------------------------------------------------1 
KU AB KV BC IV CO CnBR II CHBR 12 AHB I BAR P AIR ORft DFGS II OFG5 Ti ~lUG 01 ftSI 01 EXH DT DlUG P UHIR DP AIR AHB 

I 

1-----------GAS PARAnEIERS COHI--------1------------ -----LIOUIO PARAHEIERS------------------------------------1 
02 CDftBUS CD C02 HDX .HE HI HE DT RAP IHI RAP 01 CSIC PH SCAB II DLG RIN UHI RIN 

---------------------------------------------------- ---------------------------------------------------------~-----------------
16:57!02 26.4K 25.2K 22.9K 1674 F 1909 f 92,1F 28.95 . O.Oft 1202 f 1110 f I00.9F IOI.lf 110.6F J.B 4.8 J0.9H 
500 20.7P O,fP -0.4P -0.22P 99IIF 86.5F 82.8F 78.9f 1,0 89.Bf I02.7F 91.1F 

-~.··~ 
lY \ 



2 s nRc0~ouHP 01 
DE'JE~~PNEHTA~4 uAm ~~ocessr~'2 svmc1 GLA8~ FURHAH AH~ c;&LDH£ 'l'f111ERRTPf nil (I 15 16 · 

OOJI --GLASS FURHACE POWER---1----------------------"·-------GAS PARAHETERS-----------------------------~---~-----------------1 100 
200 kY AU kU DC KV CO CKBR II CMBR T2 AMB I BAR P AIR D~M OFGS II DFGS 12 DLUG 01 MST 01 EXH 01 PLUG P UHTR DP AIR Afl9 
JOO 
400 1---------- -GAS PARAnE IER S COHI-- ·-----t----------------- -L I gu I 0 PAR AilE IERS--- ---------------------------------t 
500 02 COMBUS co C02 HO~ HE IHI HE 01 RAP lltl RAD 01 CSIC r:·: SeRB II DLG RTH UHT RIH 
600 ------------------------------------------------_7;,-,;:}·-_;·;-;i:'5r~------~tiii"./e:·:;r····----------------------------------------

u: n:oo 25.8K 26.0K 2J.OK 2095 F 2391 F 88.2F 28.95 I.OM 1229 F 1131 F 79. 4F m.OF 82. IF 3., 5.J 52.5H 
500 19. IP O.lP 0.2P -O.OBP ~5.2F 57.0f eo.or 79.9f I. 0 55. IF 87. 2F 54.0F 

12:Js:oo 26.0K 26.1K 2J.OK 2098 F 2JB6 F 88.2F 28,95 0.8" 12JI f 1135 F 79.1F m.sr 84.9F 3.7 5.3 51.0K 
500 IUf 0.4P UP O.I4P 56.6F n.4F 81.2F 77.9F 1.0 56.BF B9.0F 58.3F 

n: 37:oo 2MK 26. IK 2J.JK 2092 F 2379 F 89.6F 28.95 o. 1M 1234 f lll9F 81.SF 12J.9F 85.2F 3.7 5.3 53.6n 
500 IMP 0,4P O.JP o.m 55. 7F 54.8F 78.BF 79.0F 1.0 56. 7F 91.1F 58.9F 

n:n:oo 27.1K 27,7K 23.9K 1095 F 2373 F 88.8F 20.95 o.m 12n r 114l F 02.8F 121. 6F 89.2F 3.6 5.3 52.9" 
' j00 n.ar 0.4P O.IP O.IOP 57. 9F 35. 9F BO.JF 77. 7F I. 0 57. 9F 91.9F 59.6F 

trJ 12:41:oo 17.3K 27.7K 23.8K 1069 F 2l67 F 89. Jf 29.95 0,6" 1241 F 1m r 84.5F liS. IF 98.8F u 5.3 52. 4H 
I 500 n.zr 0.4P O.&P O.OUP 59.2F 46.7F ez.zr 78.2F 1.0 59.3F 94.8F 6i.OF 

"' _, 
u:n:oo 27.8K 1-' 27.4K 23.9K 2065 F 2l57 F 89.6F 28.95 0.6M 1241 F 1148 F 82.7F 115.2F 89.2F 3. 7 5.2 53. 2" 

500 IMP 0,3P UP 2.52P 57.8F 39.8F 79.2F 77.9F 1.0 59.2F 92.6F 60.0F 

12:4s:oo 27.4K 27.7K 23.9K 2055 F 2354 F 90.0F 28.95 UH 1215 F mo r 85.3F 114. IF 71.6F J., 5.3 54.0" 

500 i8.6P O.lP 0.4P a.m 59.5F 51.6F 80.SF 77. 7F 1. 0 5MF 94. 2F U. F 

11: 47:oo l&:n 2l:IJ z::~ 2f~~4~ 2347 F · 9Q,4F zg4~~F s8:1P •w,~ 1H?,f 8f:JF IIJ:~f ~~:~¥ &Hr 5,3 53.6K 

500 

12: 49:oo 27.6K 27,9K 24.0K 2046 F 2340 F 90,5F 28.95 0.6M 1241 f 1152 F 87.8F I09.6F 93.4F u 5.3 SUR 
500 IMP 0.2P I.SP r. 74P 60.JF 51.0F SO. IF 77.4F 1.0 60.8F 96.6F U.IF 

u:s1:oo 27.6K 27.8K 24.1K 2027 F. 2335 F 90. UF 28.95 , o.sn 1241 r 1151 F 98.1F I03.4F 94.4F 3.7 5.] 54.4" 
500 19. iP O.JP I. 3P 2.16P 61.0F 52.5F SO. IF 77. 9f 1.0 61.5F 96.6F 63.6F 

u:s1:oo 27.6K 27.8K 24.3K 2021 F 2ll0 F 91.1F 28.95 O.SA 1241 F 1152 f 87. 9F 106.9F 95.0F 3.7 5.3 54.4R 

,. 500 U.JP O.lP I.IP 2.66P 61. 7F 53.JF S0.4F 77.BF 1.0 62.1F 95.6F 64 .• JF 

12:ss:oo 27.6K 27.UK 24.2K 2016 F 2325 F 91.4F 28,95 o.4n 124l F 1152 F 88.4F 105.4F '~· 7F ,~:~r 5.3 SJ.Jn 
500 19.5P O.JP I.JP 2.54P 62.6f 52.6F SO.lF i7.4F 1.0 62.9F 9 .IF 

az:s7:oo 21.6K 27.91< 24.2K 2015 F 2318 f 91.5f 28.95 0.5M 1245 f 115l f 98. 9F 104.0F 96. JF u 5.2 Sl. 9M 

I 500 IMP O.lP I. 2P 2. 58P 6l.IF ~5. 2f 80.2F 77.3r 1.0 63. 4F 96. 9F 65,5F 



2 s "RC-HDUHD DEVELDPIIEIITAL IIAS1E ffOf.ESSIHG SYS1tt1S GLASS FURHACE AHD C'ltlDHE IHtiiiERATDP. 
0011 01 02 OJ 04 05 06 '07 09 09 10 II 12 ll 14 15 16 
100 --GLASS FURHRtE PDVER---1-------------------------:-----GAS PRRRHE1ERS---------------------------------------------------------I 
200 kV RB kV BC KV CO tnBI 11 tnBR 12 RHB I 8R' P AIR O~H OFGS II OFGS 12 vlUG OT HSI 01 EXH 01 OLUG P VH1R OP AIR RHB 
300 
400 1----------·GRS PAIR"EIEIS tOHI~-------1-·------··t···----liOUIO PRRRIIEIERS-----------------------------------·1 
500 ---~~----~~~!~~----~~-----~~~-----~~~------------~~-~~~--~~~~~---~~~-~~~-~~~-~~--~~~~-~~-~~~!.!~-~~~-~~~-~~~-~~~----------------600 

' 12:59:00 27.5K 27.9K 24.JK 202J F 2JII F 91.7F 2,,95 o.sn 1247 r 1154 F 88. 7F IOJ.OF 96. 9F J.5 5.3 54.4H 
500 U.5P O.JP I.OP 2.74P n.9F 55.8F 90.2F 77.6F I. 0 64.1F 99. 9F 66.3F 

I 

u:o1:oo 27.4K 27,9K 24.JK 1991 F 2304 F 91. BF 28.95 O. 4H 1244 F 1152 F 90.9F I02.0F 97.0F 3.7 5.4 53.5H 
500 IMP O,JP 1.5P 2.70P 64.1F 54.5F 80.1F 77.4F I. 0 64.4F 99.9F U. 7F 

u:oJ:oo 28.1K 
i 

27.4K 24.4K 1987 F 2297 F 92,9F 2P5 0.3n 1243 F 1152 F 90.4F 101.3F 98.7F 3.6 5.3 53.2H 
500 lt.5P 0.3P 1.8P l.IBP GqF 53.6F 79.9F 77. 3F 1.0 65. 7F 99.6F 67.0F 

u:os:oo 27.3K 28.0K 24.4~ 1984 F 2291 F 
I 

92.1F 28.95 0.3H 1245 F 1151 F 90. 8F 101, OF 97.9F 3. 6 5. 4 53.8" 
500 IMP O.JP I. 9P 2.78P 65.5F 55.8F 80.1F 77. 2F 1.0 65.9F IOI,OF 68.1F 

n:o1:oo 
I 

tJj 27,5K 28.1K 24.4K 1995 F 2281 F 92.1F 28.95 0. 4H 1244 F 1153 f 92. 6F 100. 8F 97.4F 3.6 5,5 54.3" 
I 500 IUP G.4P 1.9P 2.90P 65.7F U.5F 80.9F 77.8F 1.0 65. 9F 101. OF 68. 2F 
"' 

92.1F 2~.95 __, 
u: 09:00 27, 2K 2B.OK 24.5K 1966 F 2276 f 0.3" 1241 F 1151 F 91. 9F 99.1F 98. 7F 3.5 5.3 53;6n 

"' 500 .,, ..,, 2.0P 3.20P G7.1F 5MF 81. 3F n.rr I. 0 67.2F 101.7F 69.3F 
I 

u: II :oo 27.2K 2B.OK 24.6K 1955 F 2268 f 92.0F 2,,, 0.4H 1238 f 1148 f 92.3F 97.8F 97.8F 3.7 5.3 sun 
500 IMP 0.5P 2.JP 3.06P "·" 54.7F 79.7F 77.4f 1.0 67,8F 103.9F 70.IF 

u: n:oo 27.8K 
I 

27.3K 24.7K 1953 F 2257 F 92.JF 2P5 o.4n 1239 r 1151 r 94.7F 98.8F IOO.~F J.6 5.3 53.8" 
,00 U.7P 0.5P 1.6P l.14P F·7F 55.8F n.2r 77.0f 1.0 68.7F I04.7F 72.0F 

u: 1s:oo 27.7K 27.8K 24.6K 193J F 2251 F 91.6F 2~;~~F o.2n 1212 r 1147 t 95.1F 97.8F IOO.If 3.6 5.5 ,,JH 
500 U.7P 0., 2.1P 3.14P U.5F 80.5F 17,,F 1.0 n.5F I04.5F 71.8F 

i 

n: 11:oo 27,2K 27.6K 24.6K 1947 F 2243 f 91.9F 29.95 0.3H 1235 F 1148 f 93.8F 97.2F IOO.OF 3.5 5.3 ~.3.3" 
500 20.2P O.SP 2.0P 3,00P l8.3F 60.6F 80.5F 17.6F I. 0 68. 5F 103. OF 71. 9F 

n: 19:oo 26.8K 28,1K 24.9f. 1948 F 2232 F 92.9F 28.95 0.4H. 1232 F 1146 F 94.5F 96.3F IOO.IF 3.6 5.4 52.6" 
500 19.4P 0.4P 2. 7P 3.36P 66. 9F 60.2F 80.3F 77 .6F 1.0 69.0F 101.9F 71.3F 

I 

11:2a:oo 26.8K 28.0K 24.9K 1954 F 2218 F 92.8F ih95 8· 4" 
1i67 f 1 H~sf 9lJ Zi:lf 18f:Bf rHr 5.3 52.8" 

500 19. 9P 0.5P 2.5P 3.04P .4F 6 .SF .3 

IJ: n:oo 26,7K 27.6K 24.81: am r 22o9 r 92. 2F 2,8. 95 0. 3" 1236 F 1144 F 95.3F 95.5f IOO.SF J.6 5.3 52.J" 
500 20.5P 0.5P 2.1P 2.m !68. 7F 60.6F ~O.SF 17.4f 1.0 69.0F I02.6F 71,7F 



2 5 "RC·MDUHD DE'JElOPHEHTfll ~ASTE PROCESSIHG SVSTEHS GLASS FURHRCE RHP CVCLOHE IHCIHERRIOR 
OOJI 01 02 Ol 04 05 06 07 08 0' 10 II 12 13 14 15 16 

100 ··GlASS FURHACE PDVER-··1··-----------------------------GAS PRRAMEIERS---------------------------------------------------------r 
200 ~U AD U BC KU CO tftBR II CMBR 12 AM9 I BAR P AIR O~n OFGS II OFGS 12 DUIG 01 MST Dl EXH 01 DLUG P UHIR DP AIR RHB 
lOO 
400 1·-·-····---GftS PARAnEIERS CDHI--------1------------------LIOUID PARRMETE~S-----------------------------------·1 
500 02 COMBUS co C02 HOX HE IHT HE OT RAO IHI RAP DT CSIC PH SC~B IT OlG RIH UHI RVH 
600 --------------------------------------------------------------------------------·-----------------------------------------------
1J:2s:oo 26.8K 27.BK 24.9K 1919 F 2199 F 9l.JF 28.95 o. '" 1232 f 1144 F 94.JF ".9F IOI.OF 3.3 5.4 sz.sn 
500 20.2f O.SP 2.1P 2.70P U.IF 59.4F 7MF 77.1f 1.0 69.2f IOI.9F 10,4F 

u: n:oo 26.7K 27.7K 24. 71( 1926 F 2191 F 9l.2F 28.95 O.lK 1234 F IIU F 94.1F 95.4F IOt.er u 5.4 51.6" 
500 U.SP O.SP J,IP 2. 92P 69.2F 59.0F 80.2F 77.JF 1.0 70.0F 104.3F 72.1F 

u: z9:oo 27.6K 27.0K 24.7K 1901 F 2186 F 94. 7F 28.95 o.Jn m2 r 1142 F 94.6f 9!.Jf IOLOF u 5.3 . 51.tn 
500 IMP O.SP l.SP 2.86P U.OF 62.7F BO.Jf 77.JF I. 0 69.1f I05.2F 71,9F 

n:n:oo 26. 7K 27.6K 24.7K 1915 F 2180 F 93.2F 28.95 O.JK 1232 F 1143 F 94.6F 94.1F IOI.SF 3.3 5.4 5t.4n 

soo 20.5P MP 4.0P 2, 76P 69.2F 6l.IF 8D.7F 77.2F 1.0 69.4F 103.4F 72. 2F 

td 1 
uJ:JJ:oo 26.5K 27.6K 24.9K 1891 F 2174 f U.6F 29.95 O.JR 1230 F 1141 F 94.9F 93.6F 101. JF 3.5 5.4 SI.IH 

I 1 500 IMP O.SP MP J,JOP U.8F 62.4F 80.6F 77.4F I. 0 "·7F I OJ. OF n.rr 
N I _, I u:Js:oo 26.4K 27.6K 24.9K 1886 F 2163 F 93.7F 28,95 O.JK 1231 F 1141 F 93.1F 93.2f IOI.SF 3.4 3.4 50. 7K 
w ' 500 20.0P MP J.7P 3.08P 68.0F 62.2F BO.UF 77.5F 1.0 69.9F 102.9F 72.1F 

I 13:37:00 26.4K 27.6K 24.9K 1899 F 2159 F 93.6F 28.95 0.2R 1229 F 1139 f 93. 2F 92. 9F 101.7F 3.5 5.3 50.6K 

soo 20,7P o.5P 4.2P 2.86P U.JF 6l.4F 90.5F 77.4F I. 0 69.6F 101.4F 71.7F 

n: 39:oo 26.4K 27.5K 24.6K 189~ F 2151 F 9l.6F 28,95 ?· 3
" 

1iP f '140 f 'Ur 12.6F loHr 1Hr 5.3 50.2" 

' 500 20.9P O.SP J.2P I. 2P 70.6F 6 • ~F .0 8.0 O.OF 0 • 

n:41:oo 26.4K 27.2K 24.SK 1ea5 r 2144 r 93.6F 28.95 0.2" 1227 F 1137 F 93. 7F n.or 102.or 3.5 5,] 49.J" 
500 26.8P O.SP 3.7P 0.48P 67.BF 64.0F BI.2F 77.9F 1.0 70.0F 101. 5f 72. 9F 

n: u:oo 26.4K 27,0K 24.7K 11!99 F 2134 F 93.6F 28.95 O.JH 1223 F Ill£ F 'i. SF 92.4F 102.1F 3. 5 5.4 49,4H 

500 20.7P O.SP l.5P o.m 68.0F 64.5F 91.1f 79.1F 1.0 69,6F 9B.OF 71.7F · 

n:•s:oo 26.5K 26.9K 24. 7K 1874 r 2121 F 9J.6F 29.95 O.ln 1222 F 1135F 90.7F n.3F 102.2F 3.4 S.J 49.4R 

500 20.7P 0.5P 3.lP O.I4P 67.5F 64.0F 81.4F. 77.iF 1.0 69, 7F 97. 2F 71.8F 

I n:47:oo 26.6K 26.8K 24.6K 1859 F 2123 F 9J.5f 29.95 o. 2M 1222 r lll6 F 91.4F 92.1F I 02. JF 3.6 5.4 49.2R 

500 20,6P O.SP J.IP 0.12P 67.9F 64.1F 81.4F 79.~F 1.0 69.7F 99. 9F 71.8f 

n: 49:oo 26.~K 26. 7K 24.4K 1962 F 211& F 92.9F 28.95 P.2M mP r lll4 F 9l.OF 92.0F 102.5f 3.5 5.] "·'" 500 20.SP 0.5P J.lP O.IOP 69.6F 64. IF 91.lf i8. •F !. 0 70.1F IOI.OF 72.5F 



0611 J """Qyuunv 02 "'" ~'"br '"-''"'tJf."'"'' ... b5 ....... ~ .. ·us .. · -~· -ur --· U8 .. OJ IU II " IJ •• IJ '" 
~~~ rgGhiSS rrl"lfE p~~Efu·-/tft8R"Tr-rnFR"T2""R"B"T"P~R-,---fi~~ O~RA1lfil~~srr·orGS"T2"U[UG"OT"ft5T"OT""£~R-or··p[QG"P""ORTR"PP"R£R"RR~ 

400 1--------·--GRS PARARET£R5 COHT--------1-··------•------·-LIOUIO PRRRHETERS------------------------------------1 
500 ---~~----~~~!~~----~~-----~~~-----~~~----------}~.!~~--~~-~!---~~~-!~~-~~~-~!- -~~!~-~~-~~~!.!~-~~~-~!~-~~~-~!~----------------,;oo 
u:51:oo 26.6K 26.5K 24.2K 1857 F 2110 F 94,0F 128.95 0.2n 1218 F IllS F 94.4F 92.2F I02.8F 3.7 5.3 48.9H 
500 20." o.sP 3.9P O.HP ! 69.9F ££,4F 82.4F i8.3F I. 0 69.9F IOl.lF 72.BF 

u:s3:oo 26.5K 26,6K 23.9K 1847 r 21o3 r 9l.OF [28, 95 o.2n 1220 r 1137 r 9l.IF 91. 9F 102,8F 3.3 5.4 48.5" 
500 20.5P o.sP l.2P 0.20P I 70.0F 65,4F 82,2F 78.3F 1.0 69.6F 103.2F 72.6F 

! 

u:5s:oo 26.5K 26.4K 23.9K 1856 F 2097 r 93. 5F !20. 95 o.2n 1223 r 1136 F 94. 7F 91.6F 103.2F 3.5 5.4 4B.ln 
500 20.4P 0.5P Z.SP 0.20P ' n.or ,67,2F 81.9F 78.3F 1.0 £9,7F I02.6F 72. 7F 

i 

u:51:oo 26.5K 26.4K 23.8K 1826 F 2094 F ,3, 4F !28, 95 o.1n 1222 r 1137 r 94.5F 91.4F 102.9F 3.7 5.3 47. 9" 
500 20," o.sr l.IP 1.11P 1 67.9F i66,0F 8z.or 78.0F (,0 70.1F 104.9F 72.6F 

u:59:oo 26.5K 26.lK 23.8K 1853 F 2087 F . 93.2F !78.95 0.2" 1221 F 1135 F 95.0F 91.2F IOl.2F 3.6 5.3 48.1" 
500 U.JP 0.4P J,9P 3,20P . ! 70.8F 67,6F 8l.lF 78.3F 1.0 70.7F IOl.lF 72.4F 

OJ 
I 

I 14:or:oo 26,5K 26.3K 23.7K 1837 F 20e5 F 93. 4F t28. 95 0.2" 1222 r 1135 r 96.1F 91.4F 103. 4F 3.5 5.3 47.5" 

"' 500 19.2P o.sr l.lP l.46P 68.9F 66.7F 82.3F 78.3F (,0 71.1F 104.5F 73,8F 
-.J 

"'" 93. 4F i2o. 95 14:oJ:oo 26.4K 26.1K 23.5K 1832 F 2079 F 0,2" 1222 F 1136 F 94.8F 91.1F I03.3F 3.5 5.3 47.6" 
500 19.3P 0.5P 3.6P s.m 69.7F 61.6F 81.0F 77.8F 1.0 69.6F 104.2F 12.7F 

I 

14:o5:oo 26.4K 26.3K 23.4K 1845 F 2076 F 9J.sr lze. 95 o.zn 1221 r 1135 r 95.0F 90.8F IOJ.3F 3.4 5.3 47.i" 
500 IMP 0,5P UP l.60P , 68. 9F r68,0F 81.8F 71.6F 1.0 69.9F 104.6F 72.6F 

14:o1:oo 26.4K 26.2K 23.JK 1821 F 2070 F 93. sr iza. 95 · o.2n 1218 r llll F 95.0F 90.4F IOl,JF 3.6 5.4 47,5n 
500· 20,3P 0.5P 4.lP l,46P ' 68.0F 67,, 81. SF 11.6F 1.0 70.2F 103.6F 72.7F 

14:o9:oo 26.4K 26.3K 23. 2K 1820 F 20£6 F 93. 5F 129.95 0.2" 1216 r 1132 r 93.3f 90.2F 103.3F 3.5 5.4 47. 2" 
500 20.7P 0.5P UP J,J6P · G8.4F 66.8F 81. 4F 77.6F (,0 70.5F I02.1F 12,6F 

14: II :oo 26.4K ,26.4K 23.1K 1819 F 2059 F 9l.SF 128.95 o.2n 1m r 1131 F 92. 2F 89. 9F 103.4F 3.5 5,3 47.on 
500 20.7P · 0.5P .. , 1.76P . U.7F 66.9F 81. 9F 71.6F I. 0 70.7F 100.8F 72.7F 

14: u:oo 26.4K 26.1K 22.8K 1926 F 2053 F 94.0F i28.95 o.1n nu r 1130 r 92.1F 89.8F IOl.SF 3.6 5.3 46.1" 
500 20,1P 0.5P 4.4P I.UP , n.IF 61.5F. 81. 9F 77.8F 1.0 70. 9F 101.5F 72.8F 

14: 1s:oo 26,4K 25.9K 22.6~ 1909 F 20~2 f 9l.4F r28.95 o.rn 1210 r 1130 F 92. 4F 89. 5F 103.7F 3.6 5.2 46.1" 
500 IUP 0,4P 4.1P 3.02P 69. 7F 69, 2F 81.6F 77.7F 1.0 69. 7F IOO.IF 72.6F 

2 5 nRc-nouHo OEVELDP"EHTAI. IIA>TE P~OI. ESSIHG SVSUHS GlA>S FIJRIIR(£ Riff• ~'/ClD~E IHC IHHAIO~ 
.. • ''" "' ,., n, nQ 'n t1 1 7 ,, •• " I< 



100 --GLASS FURHRCE PDIJER---1-------------- ------------- ----fi~S t nRAIIt l ER>--- ----- ----- ------------------- --------·----------------1 

200 ~V AD KU DC KU CD C"~R II CMBR 12 AMB I BAR P AIR DRM DFGS II OFfiS IZ ~LUG 01 MSI 01 HH 01 DLUG P UNU OP AIR RIID 

JOO 
I 400 1··········-GAS PAIAnEIUS CDHI·--·---+-----------------LIOUID P AHEIERS------------------------------------1 . 

500 02 COMB US CD C02 HO~ HE IHI HE 01 R INI RAP 01 CSIC PH SCRB II DLG RIH UHl RIH 

600 •---•••m•~--------••••••--••••-••---------•-••••-•·•-••----------• ------------------------------------------------------------

14:17!00 26,5K 25.8K 22.9~ 1778 F 2043 F 93.7F 29.95 0.2M I 0 F 1128 F 91.4f 89.6f 103.6F 3.6 5.3 46.3K 

500 ''·" 0.4P UP 1.68P U.IF 68.1F .6F 77.6F 1.0 70.1F 101.4f 72.5F 

14: 19:oo 26,5K 25.8K 22.7K 1798 F 2039 f 93.9F 28.95 O.IM 1208 F 1mr 91.4F 89.JF I OJ. IF u 5.3 45.3" 

500 U.9P O.SP 4.5P U2P 70.9f 69.1F BI.SF 77.6F 1.0 iO.JF 99.8F 72.5F 

14:21:00 27.0K 26.1K 2J.IK 1807 F 2033 f 9MF 29,95 O.IM 1208 F 1129F n.Jr BMF 104.1F 3.5 5.4 45.SH 

500 20.0P O.SP 4.9P z.m 69.0F 66.9F 81.3F 79.JF 1.0 71.0F 99. 4F 73.6F 

u:u:oo 27.0K 23.6K 22.'!1< 1815 F 2034 F 9l.4F 28,95 0.2K 1197 F mo r 9j,(f UMF IOUF 3.2 u 4MA 

500 20.3P O,SP 5.2P !.66P 69.5F 67, 2F 92.0F n.~F 1.0 69.5F 97.2F 72.7F 

H:as:oo 2UK 29.5K 22.~ 1808 F 20!6 F 93.6F 28,93 0.2K 1194 f 1118 F 89.7F 89.7F IOJ.5F 3.2 u 4Un 

500 20,3P @,5P 5.0P 2.64P 70.7F G7.8F 91. JF 77.7F 1.0 69.9F 94. 9F 72.1F 

til 14!27:00 26.6K 23.lK 22.~ 1805 F 2034 F 93. 9F 29.95 0. 2" 1195 F 1m r l'o.2r 8MF 103.6F 3.2 4.6 45.on 
I 
"' I 500 20.5P MP 5.2P 2.56P 69.JF 68.9F 81.6F 17.7f 1.0 71.4F 94.5F 72.9F 

__, I 
L11 t4:29:oo 27.5K ,,5K 2J.JK 1790 F 2030 F 94.0F 28.93 o.2n am r 1116 f 8MF 90.lF !Dl.IF 3.1 u 45.:iK 

500 2UP 0.5P MP 2.40P U.8F 64.8f 81,0F 77.9F 1.0 70.0F 94. 7F 72.1F 

H:Jt:oo 27,2K 25.UK 23.1K 1791 F 2027 F 93, 9F 28,95 o.2n mo F 1112 r 89.4F n.or to4.5F 3.2 4.6 44,Jn 

500 20.7f MP 5.4P 2.26P 69.2F 67.DF 81. 9F n.or 1.0 70.4F 95.1f nor 

14:n:oo 27,0K 2MK 23.0K 1799 F 2030 F 94, 2F 28.95 0. 2ft 1189 f 1H!4f our 'ur •¥u~ rHr 4.5 45.0N 

500 2UP MP S.IP 1.m 70,8F 68,6F 90,9f . 
14: Js:oo 27.9K 25.1K 23.0K 1792 F 2029 F 94.0F 29,95 0.3" 1197 F 1112 F UB.SF 89.5F ID!.OF 3.2 4.5 44.7n 

500 20.5P MP 5.4P 0.40P 6MF n.or 81. 2F 77.5F I. 0 71.4f 93.2F n.sr 

14:37:00 26.6K 25,2K 23.4K 1785 F 20~7 F 94.2F 28.95 O. 2" 1197 F 1110 F 98.2F 89. 9F 104.JF 3.2 4.5 ''·'" 
500 2o.5P MP UP 0.30P 68.8F H.OF Bl.3f T7.6f 1.0 7o.6F 93. IF n.w 

14:39:00 26.6K 25 •. IK 2l.JK 1778 F 2026 F 94. 2F 29.95 O. 2" 1199 F 1109 F 89.7F 89.4f 104.2F 3.1 u 44.5" 

500 20,4P o.sP S.IP o.JlP 69.4F 67.0F 80.6F 77.5F 1.0 70.8F 94. Jf 72.1F 

14:41:00 26. 7K 25.1K 2J.JK 1776 F 2025 F 94.3F 28.95 o. 2H 1189 f 1109 F 89.1F 8MF 104.4F 3.1 4.5 43.9H 

500 20.3P 0.4P 5.4P !.UP 70.7F H.~F Bl. 2F n.sr I. 0 70.6F 94.2F n.lF 

2 5 nRC-"OUHD OE'IELOPIIEHTAl IJA>TE PRGCESSIHG SVST£115 GLASS fURIIA(E All~ CVCLOHE IHCIHERAIO~ . - • • I"' " .. •• " 



IOU --bLH!t) tUti'I'"Lt t'UUtH ... · -·- ·-····-----·------------··~·- -ort~ lt:t.llrttlllt::> 

100 KV AB KV BC U CD tnBR II CIIPR 12 ANB I BAR iP AIR ORn OFGS II OFGS 11 •·•lliG 01 HST OT EXH OT DlUG P UHTR DP AIR AIIB 
300 
~00 t······--··-GAS PARAKETEIS tOHI--------1···-·············-liOUID PR~ANETERS··-------------------------·········1 
500 02 COnBUS CO C02 . HOX HEIJHT HE OT RAO IHT RAO 01 ~SIC PH StRB IT Dl6 RTH VHT RTH 
600 ---------------------------------------------------J--------~---------------------------------~---------------------------------
14:4J:oo 26.6K 25.0K 2J.OK 1772 F 2024 F 94.JF 28)95 o;zn 1187 F 1109 F 90,JF 89.3F IOI.JF J,J 4.5 4J.8n 
500 20.BP 0.4P S.JP J, 58P 70.9f 67HF 81. 9F 77. 9F 1.0 70,JF 95.2F 72.8F 

14: 4S:oo 26. 7K . 25.1K 23.JK 1771 F 20~2 F 94.3F 28.!95 o;Jn 1190 F 1110 F 99.9F 89.2F 104.4F 3.0 4.6 4J.4n 
500 20,3P 0,4P 5.8P J,50P 6~.IF 67 ·'" 91.6F 77.9F J,O 7J.JF 94.BF 72.6F 

•~:47:oo 26,7K 25.JK 2J.2k 1762 F 2019 F 94. 4F 28,!95 0.12n 1197 F 1115 F 91, 4F 89.4F 104.5F J,O 4.6 4J.6n 
500 n.tP MP JZ,7P O.IOP 69.8F 66.i8F 81.8F 79.2F 1.0 70.2F 98.1F 72, 7F 

14:n:oo 26.7K 25,1K 2J.2K 1766 F 2021 f 94.5F 28,195 G.iln 1191 F llllF 89.8f 89.0F 104.5F 3.1 4.5 4J.4n 
500 , ... , 0.5P "·" 2. 76P 71l.lf 65.17F 81.8F 77,9F 1.0 70,6F 95.8F 72,Jf 

I 

14:51:oo 26. 7K . 25,0K 23.2k 1788 F 2019 F 94.3F 28~j95 o.•tn 1192 F 1112 f 9J,Jf 89.2F 104.5F 3.0 4.5 42.9n 
500 II.IP 0,5P 0.2P 2.48P 70.1f 68.16F 8J,8F 78.0F 1.0 7J.OF 95.6F 72,JF 

tJj I 
' I 14:s3:oo 26,6K 25.1K 23,Jk 1794 F 2015 F 94. lf 29.195 o,2n 1193 F Jill F 91.2F 89.6F 104. 2F 3.1 4.5 42.5n N .._, 500 11.8P O.SP o." 2.4BP 68.5F 66/lf BJ,Jf 77.5F 1.0 70.5f 97.3F 72.8F 

"' 14:55:00 26,7K 25,JK 2l;IK 1794 F 2015 f 94. 2f 29~95 o.2n 1189 F 1112f 91.5F 89.2F 104.4F 3.1 4.6 4J,tn 
500 18.8P 0.5P 0.2P 2.58P 61.3F 66;7F 81. 4f 78.2f •• 0 70.5F 97.2f 71. 9f 

14:57:00 26.7K 25.0K 2J.IK 1795 F 2012 F 94.2f 28)95 o. 2n 1191 F 1112 f 9J,JF 89,JF 104.5F 3.2 4.6 u.sn 
500 JI.7P O.SP UP 2.68P U.IF 66i2F U0.6F 77.4f •• 0 70.4F .96.2F 72.0F 

' 
14:59:00 26.6K 25.1K 22.BK 1791 F 2011 F 94.2F 28195 Odn 1194 F II 12 F 9J.OF 89." I04.8F 3.1 4.5 42.2K 
500 11.5P O.SP UP 2.16P 6!i.4F u;sr 01. 4F 77. 7f •• 0 70.5f 97.4F 72.0F 

n:ot:oo 26.6K 25,0K 23.0K 1789 F 200& f 94.Jf 28,i95 O,'tn 119l F IIUF 9J,OF 89,0F 104.6F 3.2 4.6 42, 7n 
500 11.5P o.sr 0.8P J,02P 7Q.9f 68,JF BI,IF 77.6F 1.0 71,0F 99.6F 12,5F 

ts:oJ:oo 26,7K 25.0K 22,8K 1787 F 2005 F 93.6F 28.!95 0.,2K 1196 F 1114 F "·" 89.0f I04.9F 3.1 4.6 u.tn 
500 ll.lP UP I. JP l.28P 6~.9F 66.i4F 81.0f 77.4F 1.0 70.6F IOD.9f 73.6f 

n:os:oo 26.6K 25.0K 23.0K 1769 F 200~ f 94.0F 28.195 0.2H 1197 F 1116 f 92. 7F 88.9F 104.6F 3., 4.5 42. 7n 
. 500 "·" 0,6P J,7P J.54P 68. ]f '66 •. lf 8UF 77.0F 1.0 70,4F I02.4F 12. f 

n:o1:oo 26. 7K 25.0K 2J.OK 1787 F 2001 F 9l. 9F 28,!95 o.tn 1199 F 1m r 95.or 89. 7F 104.5F J,l 4.6 42,6n 
500 18.0P UP . 2. 2P J, 70P 66.2f 65.9F 80.5F 77. 2F 1.0 70.5F I02.7F 72.5F 

• 

2 5 nRC-HOUHO OE1JElOPnEHTAL IIA>TE f~OCESSIHG SVSTEHS GlR55 FU~IIAtE Rll~ ('/ClONE IHtiHERAIOR .. n• ·" "' "" no '" II " " 
,, 
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iiJU --~LH~~ tUMHHlt ~UIItH---l-------------------------------~11> rHf:llllt I tK>· • ·--- ---- • • • • --- • ---------------------------------------, 

200 KU AB kU Bt KU to tABR II CMSR H RltB I BAR P AIR DRM DFGS Ti OFGS 12 DLUG Dl MSI 01 EXH 01 DLUG P UHTR DP AIR AHB 
JI)O 
~00 1-----·····-GAS PARAMETERS tDNI--------1------------------LIOUIO PARAHETERS------------------------------------1 . 
500 02 CDMBUS co C02 HDX HE IHI HE 01 RAO IHI RAO OT CSIC fH SUB II OLG RIH UHI RIH 

600 -------~----~-------------------------------------------------------------------·-----------------------------------------------

n:o9:oo 26.8K 25.2K 22.7K 1788 F 1996 F 94.0F 29.95 O.lM 1100 f 1114 F 94.1F 89.8F IOI.IF 3.2 4.6 42.5M 

500 !7,9f UP 2.5P J.m 69.6F 66.1F 90.4F 77.1F J, 0 70,8F IOl. JF 72.6F 

n:u:oo 27.9K 24.9K 22.8K 1779 F 1994 F 9J.9F 29,95 0. OM 1199 F 1116 F 95,8F 8B.8F 104.7F 3.1 4.5 42.0M 

500 17., o.6P J.7P 3.8BP 70.8F 67.3F B0.6F n.or I. 0 70.5F 105.lf 73.0f 

ts: n:oo 27,8K 25.0K 22.8K 1792 F 1992 F 93.8F 28.95 O.IH 1193 f 1113 F 9J.9F n.or 104.7F 3.0 4.5 40.8" 

500 se.JP O.SP UP l.54P 70, 7F 67. if 81.0f 77.JF I. 0 70.1F IOI.If 72.9F 

n: 1s:oo 26,7K 25.5K 22.91i 1784 F 1992 r 9l.OF 28.95 0.2H 1196 F 1109 F 91. 9F 88.6F IO!.IF 2.9 u 41. '" 
500 IMP O.SP J.IP l.I8P 70.lf 67.1F OI.Of 77.4F 1.0 69.9F 99. 2F 72.7F 

15:17:oc 27.6K 24.9~ 22.9K 1774 F 1990 F 93.9F 28.95 0.2H 1206 f 1119 F 92.2F 89.4F IOUF J,l 4.4 41. JR 

500 IMP 0.6P 4.3P !.lOP u.or 67. 7F 81. 2F 77.3F 9.0 71. JF "· 8f 
72.9F 

td 1s:19:oo 26.5K 25.5K 23.0K 1774 F 1989 F 93.6F 29.95 0.1" 1209 F 1121 F 90.6F 89.6F 104.6F 3.2 4.4 41.J" 
I 

N 500 IUP UP . 4.4P a.m U. 7F H. OF UO.JF 76.8F 1.0 ?O.IF 95.3f 72.4F 
_, _, n:11:oo 27.5K 24.9K 23.mK 1774 F 1987 F 93. 7F 28.95 o.o" 1200 r 1122 F 90. 2F 89.7F IOUF 3.3 4.4 41.1H 

500 IMP. UP UP 2.70P 6MF H.Of 81.1f 76.8F 1.0 70.BF 93. 7F 72. 2f 

n: 2J:oo 26.2K 25.1K 22.9K 1791 F 1983 f . 93. er · 29.95 0.1" 120&F 1123 F OMF 90.0F 104.9F 3.2 4.4 40.9A 

500 IMP G.6P $.1P z.m 6MF U.OF 80. 7F 77.2F 1.0 69.BF 93. 2F 72.DF 

1s:2s:oo 26.2K 25.JK 23.0K 1777 F 1983 F 93.7F 28,95 x·•" 1202 F •w F ee.3r Z~:~f 1¥Uf 1Ur 4.4 41.1H 

500 U.IP 0.6P . UF 2. 50P 69.Jf 6 .OF 80.5f .IF I. 

15:27:00 26.1K 25.0K U.IK 1775 F 1982 f 93.6F 28,95 O.IA 1205 f 1120 F 98.1F 90.0F 104.9F 3. 3 4. 3 41.'" 

500 U.IP 0.6' 4,, 2. 42P £B. IF 67 .IF 90.5F 76. 7F 1.0 70.0F 91.0F 71. 9F 

as:z9:oo 26.0K 25.0K 2J.IK 1779F 19eo r 93.8F 28.95 O.OM 1204 F 1119 F 87.1F 90.1F 104.9F 3.3 4.4 40.0K 

500 n.zP 0.6P $.2P Z.HP U.4F 66.6F eo •. JF 76.8F. !. 0 70.6F 90.5F 71.6F 

15:1n:oo 26.0K 25.1K 2J.IK 1783 F 1974 F 93.5F 28.95 O.IM 1201 F mo F 87.1F 90.IF 104.9F 3. J 4.4 41.2K 

500 n.JP 0.6P S.lP z.m 69.4F 6;;.tF SO. IF 77.0F I. 0 70. iF 90.6F 71. 7F 

n:n:oo 25.9K 25.1K 23.1K 1792 F 1979 F 93.5F 28.95 O.!n 1202 F 1119F 97.0F 9Q, 3F IOS.OF 3. 2 4.3 40.8" 

500 19.3P UP UP l.10P 70.8F 66, 9F 79. 7F 76.8F 1. 0 70.4F 89,0F 71.8F 

". ,,. "' "' 
6LA;s FURIIACE AIIP CVClDHE IHCIHERAIO~ 

no na '" tt t? 11 14 15 16 2 5 ARC-MOUIIO DEUElDPIIEIIIAL IIASTE HO(ESSIHG SVSI£IIJ 



IJ:I 
I 

"' .._, 
00 

'"" 

!II 
IS:Js:oo 
500 

1s:37:oo 
500 

- ·uLnJ.J r untnl~ooL 1 u•u·" • I ,.,,.,. • , .... , ...... -··-' 
~U AB ~U BC KU CO f"SR II CHBR 12 Alf8 1 BAR P AIR OR" OFGS II OFGS ll ~LUG Or HSr or EMH or DLUG P UHTR DP AIR AHD 

, __ D2 ____ tDRi8~ PARfftET£RSc&9"1 ___ Hox··I---------HE-iHI--Hk 1 8~ 10 ~ftSRYhlEl~o-oi·-csit-PH-SCRB-ii-O[--RiH-VHi-R-~ . 
---------------------------------------------------------------------------------------------------~----------~-----------------

1 

25.9K 25.1K 2J.IK 1781 F 1979 f 9J.5F 29.95 o.,IH 1201 F 1117 f 95.4F 90.JF 104.9F 3.3 4.4 41.1" 
19.4P 0.6P 5.5P 2.19P 70l IF 67.iF 

j 
79.7F 76.SF 1.0 70,0F 99.SF 71.9F 

25.9K 25.1K 2J.2K 1775 F 1976 f 9J.5F 29.95 O.'IH 1203 f 1116 f 95.4f 90.JF lOS. OF J,J 4.3 41.1" 
19.4P 0." 5.8P 2.12P 68~8F 67,8F 80.4F 76. 5F I. 0 69.8f 87. Sf 71.7f 

I 

\\\~\\ W,\ ~.\ i,\ \I \i \ ~~i B \WA \\\1.\\ \~\\ w,\ ,,i \,,i W,\ 
4.4 40. 5" 
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100 
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'• 200 I 
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400 

'"' 500 
oOO 

"RC·AOUHP OEUELOFHEHIRL UASIE PROCESSING SVSIEHS 6L~SS FU~HACE AHD CVCLDHE IHCIHERAIDR 
01 02 OJ 04 0' 06 07 08 09 10 II 12 13 14 15 16 

··GLASS FURHACE POVER-··1··-------------·---------------GAS PARAMETERS············-········------·------~------------····-·····1 

~y AB kV BC KU CD CABR II tnBR 12 RKB I BAR P AIR ORn OFGS II DFGS 12 DlUG 01 nsT 01 EMH 01 DLUG P VHTR OP AIR AIIB 

1---·-·-··--GAS PARAHEI£RS CDHI····---·1·-----·-·······--·LIOUID PR7hHEIERS-·-······-··-··················--···I 

02 CDHBUS CD C02 HOK HE IHT HE 01 RAO IHI RAP 01 CSIC PH SCRB IT OlG RIH UHT RIH 

~~~-*··-~----d·~-----------------------------------------------------------
-----------------------------------------------------



tJj 
I 

N 
00 
0 

HRC-HOUHD I 2 5 

100 
200 
300 
400 
500 
600 

a1 e1 ~~ tl u 11 01 ~o eo ~o ao eo ~o 1 

·-GLASS FURNACE POUER-··1····················---···-··--GAS PA~AitETERS------------------·····-----------------------c·---------r 

KU AB kU BC kU CO CHBR Tl CHBR T2 RHB T BAR P AIR D~H DFGS Tl DF~S 12 VLUG DT HST DT EKH OT DLUG P UHTR OP AIR RIIB 

1·--·-·····-GAS PARAHETERS COHT--------r--·······---·•----LIQU!ID PARAIIETERS------------------------------------1 

02 COHBUS tO C02 HOX HE IHT HE 01' RAD IHI RAO Dl :SIC PH SCRB II DLG RIH UHI RTH 

~----------------------------------------------------~--------~----------------
-----------------------------------------·-------

15;53:00 25,3K 25,2K 23.4K 1198 f 1960 F 93.3F 28,95 ·O.IH 1200 F 1114 F 83.6F 90.4F lOS. IF 3.3 4.4 39.8H 

500 20.JP O.SP 7.0P J,JOP· 68.9F 66.1lF 80.0F 76.1F 1.0 71.2F 85.0F 72.3F 

15:5S:oo 25.3K 25,2K 2l.4K 1197 F 1959 F 9l.3F 28.9~ Q.On 1200 F 1117 F 82.,3F 90.2F 105.1F 3.2 4,4 40,0H 

500 20.2P 0,5P 6.7P J,3(W' 70.0F 67.5F 80.1F 76.1F 1.0 69.8F 8l.8F 71.1F 

15:57:00 25.2K 25,2K U.4K 1106 F 1953 F 93.3F 28.95 O.OH 1201 F 1115 F 82.8F 90.1F lOS. IF 3.3 4.4 40.0H 

500 20,4P 0,5P 6.7P I,JBP 69.~F &6.4F 80.0F 76.0F 1.0 70.lF 83.9F 71.5F 

15:59:00 25.1K 25.3K U.SK 1801 F 1951 F 93.3F 28.9~ O.~n 1204 F 1115 F 82.3F 90,IF 105.1F 3.4 4.4 40.5H 

500 20.31' 0,5P 7,2P I.OilP 70.!1F 67,0F 79.9F 76.0F 1.0 70.3F 83.1F 7J,3F 

16:0J;oo 25,1K 25,3K lJ,SI 1104 F 1945 F 93.2F 28.95 O.On 1201 F 1116 F 82.2F 89.9F lOS. IF 3.3 4.3 40.2H 

500 20.31' 0,5P 7,2P J,06P ·68.r5F &6.5F 79.6F 75.7F 1.0 70,7F 8l.2F 71.4F 

16:03:00 25,1K 25.3K U.U 1197 F 1948 F 9l.IF 28.9:5 ·O.IH 1204 F 1115 F 81.5F 89.8F 105.0F 3.4 4.4 40,2H 

500 20.3P 0.5P 6,9P I,Otw' 68.i5F 65.5F BO.OF 75.7F 1.0 70.5F 83,0F 7l.OF 

16:os;oo 25.1K 25.3K 23.5K 1808 F 1940 F 9l.IF 28.95 O.OH 1204 F 1116 F 81.5F 89.7F 105.0F 3.3 4 •. 4 40.IH 

500 20,4P. O.SP 6.9P 0,90P 68i3F 65.6F 79.2F 75.2F 1.0 70,5F 82.4F 7l.OF 

16:07:00 25.1K .. 25.3K ll.6k 1798 f 1935 f 9l.l~ 2M5 O.OH 1201 F 1115 F 81.2f 89.8F lOS. IF 3.3 4,4 40.4" 

500 20.5P 0.5P 7.0P 0,96P 69.!0F 67.Jf 79.6F 75.7F 1.0 70.4F 82,4F 7l.OF 

16:01;00 25.1K 25. 3K 2J. 5K 1803 F U33 F 93. OF 28.95 -0. IH 1201 F . I 115 F 80. 9F 89.9F 105. OF 3. 3 4. 4 39. 7H 

500 20.5P 0.5P 6.7P 0,71JP 69~8F 66.7F 79,2F 75,1F 1.0 69.9F 82.1F 7l.OF 

16:ll:oo 25.1K 25.4K l3.5K 1798 F 1931 F 92.9F 28.?5 -0 •. 1" 1199 F 1114 F 81.5F 89.9F 105.0F 3.3 4.4 J'-BH 

500 20.5P O.SP 6.9P 0,76P 69!9F 66,4F n.2F 75.1F 1.0 71.2F 81,9F 71.6F 

16:u:oo 
500 

25.0K 
20.6P 

16: IS:ool 25, 2K 
5•10 20. 7P 

16:11:oo 25.1K 
I 500 20.8P 

25. 4K 
O.SP 

2l.6K 1191 F 1923 F 
7.0P 0,66P 

93.0F 28.95 
&9;er 

25.4K 2l.U 1791 F 1922 F 92,9F 28.95 
0. SP 7. OP 0, SOP 69. 3F 

25.4K 2l.6K li98 F 1919 F 9Z.iF 28.,5 
O.SP 7.0P 0.3~P 70•0F 

o.on ••oz r 1115 r 
66. 9F 73. SF 75. 2F 

60.7F . 99.9F I04.9f 
1.0 69.7F 82.0F 

0.0" 1101 f 1115 F 81,4F 89.BF I05.0F 
66.6F i8,4F 7UF 1.0 70.SF 91.7F 

O.OH 1100 F Ill~ F B0.9F 89.7F 104.9F 
67.2f 79.2F 15.2F 1.0 70,0F 91.4F 

J. 3 
71. JF 

3.2 
70.9F 

3.2 
70.8f 

4.4 
]9, '" 

4. 5. 
]9, '" 

4. 4 39. Sft 



2 5 nRC-"DUHD DEI'HDP"[NIAL WASIE PROCESSIHG SVSIEMS GLASS FU~flRCE AHD C'.'CLOIIE !IICIIIE~AIDR .. 
0011 01 02 OJ 04 05 06 07 0~ 09 10 II 12 u 14 15 16 

100 --GLASS FURNACE POVER--·1--------------------·----------GAS fR~RiiEIERS----------- ·---------------------------------------------1 
200 KY RO KU ec KU CD CHBR Tl tMBR 12 AnD T BAR P AIR DRH DFG; II DFGS 12 QlUG DT RSI Of EKH Of DLUG P UHTR OP AIR AHB 
JOO 
400 1-----------GAS PARAHEIERS CDI!T --------1----------------- -L I DU I 0 PAR All£ IERS------------------------------------1 
$00 02 COMBUS CD COl HOK ffE IHI HE Dl RRD IHI RAO 01 o:SIC PH SCRB IT DLG RTN UHT RIM 
600 ~-~------~-----------------------------------------------------------------------·----------------------------------------------

16: u:oo ZUK 25.5K ll.U 180f F 1914 F 92.?F 29.95 O.OM 1200 f IIIJ f Bl.lf 89. 7F 104.9F J.] 4.4 J9.5K 

500 20.7P 0.6P 6.7P O.IBP 68.4F 66.1F 78.8F 75.0F 1.0 71.1F 81. 9F 71.5F 

16:21:oo 25. IK 25.5K 23. 5K mer 19UF 92.5F 28.95 -O.IM IIH F 1114 F 90.7F 89.5F 104.8F l.l 4.4 JMM 

500 20.6P 0.6P 7.1P O.OBP 69.4F 65.6F 79.1F 74. 9F 1.0 69.4F 81.6F 70.9F 

16:2l:oo 23.U lMK n.u 1104 F 1m r 92.SF 28.95 O.OM 1m F 1112F 81. IF 89.JF 104.9F 3.2 4.4 40.0M 

500 20.6P 0.6P 7.4P 0.04P 68.JF · 65,2F 78.4f 74.8F 1.0 70.5F 81.2F 71,1F 

tJJ 
16:2s:oo 25.1K 25.5K ll.U 1111 r no4 r 9Z.Sf 28,95 -O.IM 1195 F 1109 F 80.7F 89.3F 104.9F l. 2 4.4 39.8M 

' 
500 2o.GP UP 7.51' -0.02P 69,iF 67.0F 79.0f 74.9F I. 0 70.3F 81. 3F 70.8F 

"' co 16:21:oo 2UK 2$.5K n.n 1801 F 1903 F 92.3F 28.95 o.on mo r 1110 F SO. SF 89.2F IOl.7F 3.4 4. 5 39.1H 
.... 500 20.5P 0.3P 7.31' -0.061' 69.5F 66,0F 78.9F 74. 9F I. 0 69.5F eur 71.~F 

~G:n:oo 25.0K 2UK 2!.6l uos r m' r 92.3F 28.95 o.on 1189 r 1105 F 80.6F 89.4F I04.8F 3.~ 4.3 39.JN 

500 20.6P 0.51' 7.1P -0.12P 68.7F 65-0F 79,7F 7S.IF 1.0 70.5F Oi.lF 71.1F 

~~6JI:oo ~a:fJ zu~ 2J- 7K 1801 F 1898 F 92.2F 28.95 -O.IH 1185 F I 101 F DO. SF 89.SF 104.8F 3.2 4.4 n.Jn 

.4P -0.161' 70.1F 66.2F 79.0F 1s.or 1.0 70.2F Bl.lf 70.7F 

16:n:oo n.OK 2S.U U.7K uo5 r U96 r 92.2F 29.9S o.on 11e1 r 1101 r 80. lF 99.9F IOUF 3.2 4. 5 39.BH 

500 20.6P O.SP 7.51' -0.101' 69,7F 66.8F 79.6F 75.1F 1. 0 U.6F 81.4F 71. IF 

16:3$:00 25.0K 25. 7K u.n UIO F 1896 F 92,2F 20.95 -0, IH I 181 F 1102 F 80.7F 90.2f 104.9F 3.3 4.5 39.0" 

500 20.6P 0.5P 7.6P -0.201' 69.SF 65.2F 79.0F 75.2F 1.0 70.4F 81. JF 71.1F 

16: u:oo 25.1K n.7K ll.U nos r 1m r 92.1F 28.95 o.on 1m F 1101 F 90. 4F 90.JF 10!.9F 3.3 4.4 JU" 

500 20.6P O.SP 7.4P -0.20P 70.1F 67.1F 78.5F 74.8F 1.0 70.0F 80.6F 70.6F 

16:J9:oo 25.1K 25.7K 2!.1K uo' r 1896 F 92.1F 28.95 -o.tn ltnr 1101 F 80.4f 90.5F 104.7f 3. 2 4.3 l9.JM 

500 20.6P O.SP 7.6P -0.20P 69.4f 6S.SF 77.9F 7!.8F 1.0 69.4F 81. 2F 70.9F 

16:41:00 25.1K 25.7K 2l.8K 1879 f mo r 92.QF 29.95 O.OM IQO! F 987 F 77. 9F ~O.OF I0!.5F 0.5 u 39.2H 

500 20.6P 0.51' 7.91' -0.22P 67.5F 6l.9F 79.5F 7UF 1.0 70.0F 78. 4f 70.6F 

16:4l:oo 25.1K 25.1K 2l.1K lOll r 1914 r 92.3F 2S.95 O.OM 1139 F 1071 F 78. 4f 90.6F 104. 7f !.0 4. 5 l~. 9A 

500 20. 6P O.SP 7.8P -0.20P 69.BF 66.0F 79.4F 75.0F 1.0 69. 9F ~O.OF 70,!F 



~~i!a 
i;:,ic 2Uic 24:ii 1iWr 2o1o r 91. 7F zii: 9ii ·o:oit ti&n tiM t BUF eo. tr IIJUF j, I 16:57:00 4.6 ]9,1ft 

500 20.1P 0,5P 9.1P 1.82P 67.5F 63.1:F 79. 7F 74. 9F 1.0 70.0F 93.1F 71,3F 

16:n:oo 25.7K 25.9K H.IK 1191 r 20o9 r 9J,8F 29.95 O.OK 1170 F 1091 F 97.3F 89.5F 104.7F 3.0 4.6 39.1ft 
500 20.4P 0.5P 9.1P 1.92P 6UF 64.2F 78.6F 74.Br I. 0 69,8F 93.0F 71,1F 

11:o1:oo 25,7K 25,9K 24.2K 1791 F 2009 F 91.8F 28.95 o.on 1112 r 1093 r 89.0F 88.3F I04.9F 3.0 4.7 l9.4ft 
500 20.5P 0.5P 9.6P 2.04P 69.~r 65.1F . 78. 7F 75.0F 1.0 70.0F 95.2F 71,8F 

: 
11:o3:oo 25.1K 25. 9K H.2K 1191 r 20o8 r 91,7F 28.95 -O.tft 1173 F I 095 F 99.4F BB.OF 104.8F 3.0 4,6 l9.4ft 
500 20.6P 0.5P IO.IP 2.14P 69.2F 65.4f 78.5F 74. 9F 1.0 70.0F 95.8f 71,6F 

11:os:oo 2'-SK . 25.9K 24.2l 1111 F 2006 F 91.7F 28.95 o. 0~ 1173 f 1095 f 88.9f 88.0F 104.9F 3.0 u 4o.on 
• 500 20.7P 0.5P IO.JP 2.16P 69.4F 65.5F 78.5F 74.9F 1.0 69.6f 96.1F 71. 7f 

IJj 
I 91.8F 28.95 87.8F I04.8F 
"' 11:o1:oo 25.9K 2MK 24.1K 1159 F 2009 F .O.OK 1175 F 1095 F 88.6f 3.1 4.7 ]9. '" 
(X) 

"' 
500 20,6P O.SP IO.JP 2.3~ 68.51' 64.2F 78.4F 74,9F I. 0 70.5F 95.5F 71,9F 

11:ot:oo n.or 25.9K 24,1l 1192 f 2006 F 91.8F 28.95 o.on 1111 r 1097 r 89.2F 87.7F 104.9F 3,1 4.6 39.6ft • 
500 20.2P 0,4P II,IP 2.56P 70.llF 65.8F 78.1F 75.0F , 1,0 70.2F 97,1F 71,6F 

2 5 ftRC·nDUHD DEVHOPnEMTAl UASTE P~OCESSIHG SVSTEftSi GLASS !FU~HACE RHO CVCLOJIF IIICIHHAIDR 
0031 01 02 03 04 05 06 07' 08 09 10 II 12 ll 14 n 16 
100 --GLASS FURNACE PDVER-·-1·-·-----·----·····-·--------"--GAS PRRAHErERS---------·---------------···---------------·-------------1 
200 KV RB KV BC KV CO tnBR Tl tftBR T2 Aft8 T BAR PI AIR olin OFGS Tl DFGS T2 OLUG OT nsr OT EXH 01 DLUG P UHTR OP AIR AHB 
300 
400 1····-·····-GAS PARAHETERS CIJlT --------1-----····--·-:- ----ll QUID PRRAHE TERS-- -----------·----------------------1 
500 02 tOii8US CD [02 HDX HE lilT HE Of RAO IHT RRO 01 CSIC PH SCRB IT OLG RIH UHT RTM 
600 --------------------------------------·---... ----------~--------..,------------------··-----------------------------------------------

17:11:00 26.1K 25.7K H.U 1832 r 2oo9 r 89.8F 28. ~5 -O.IH lli8 F 1099 F 90. SF 87.6F 104. 7F 3, I 4.7 39.2ft 
500 IMP 0.5P II.OP 2.90P 69.,1F 65.6F 78.0F 74. 4F 1.0 70.8F 98.4F 72.4F 

11:u:oo 26.U 25.9K 23.91 1189 F 20o6 r 91.7F 28.75 -o.1n 1181 F 10?9 F 91. 4F 87.6F 104.8F 3.0 4.6 39.7ft 
500 19.6P O.SP 11.7P 3.10P 

' 
61.,6F 64.2F 78;6F 74. SF 1.0 69.6F IOI.IF 72.6F 

\ 

11:15:oo 26. 2K 25.9K H.OK 1779 F 1006 F 92. OF 28. ~5 o.on 1181 r 1100 F 91. 5F 87.4F 104.7F 2. 9 4.6 39.9ft 
500 18. 9P 0.5P 12.DP J.~eP 68.!3F 54.2F 78. JF 74. SF 1.0 70.3F 91. 4F n.oF 

!?;11:oo ?~· ?~ 25.9K 24. 2K 1719 F 1Ct06 r 91.8F 18.?5 O.QH 1195 F 1101 F 91. ~F 87.0F 104.7F J. I 4.6 39.1ft 
~ ~ . - ....... ' - .. ~ ,, ... 



17:19:00 26.2K 25. 9K l4.1K 1976 F 2094 F 91.6F 28.95 o.on 1119 F 10~4 F ~4.5F B6.~F 104.2F 2. 9 4,9 .n.sn 

$00 8.4P l.OP !2.4P 3.62P 69.6F U.OF 77, JF 74. 4F I. 0 69. 7F 106. 7F 72.4F 

11: 21:oo 26.2K 25.8K 24 .2K 2104 F 1145 f 91.6F 28.95 o.on ·,on r lOll F 93.7F 86. 2F 103.6F 2.6 5.2 40.on 

500 8.5P 5.6P 259,7P 5.72P 66.9F -72.1F . 17.2f 74.JF 1.0 69.8F iOJ.7F 71. 7F 

a7:2J:oo 26.2K 25.BK l4.4K 2010 f 2112 F 91.5F 28,95 o.on ms r 1061 F 9J.9F 85.5F IOJ.JF 
.., 

6.1 !9. 7n 

500 14.4P I.OP 259.6P 4.72P 68,4F 5J,9F 76.9F 74.1F i .o 69.0F 104.0F 71. 4F 

17:25:00 26.2K lUK !l.lK 2087 f 2044 f 92.6f 28.95 o.;n 1211 r 1115 r 96.1F 85.0F IOJ.7F u 9.2 4o.on 

500 18.2P 0.7P 84. 9P o.02P 69.2~ 51, 7f 77.6f 74. 4F I. 0 68. 9F 111.6F 73.2f 

17:21:00 26.0K 25.8K 24.lK 2062 f lOll F 93. OF 28.95 ' 0.4M 1251 F 1140 F 96. IF 84. 9F I OJ. 9F 2.5 9. I n.en 

500 n.oP 0.6P 32.01' -0.16P 69.2F 61. SF 77.5F 74.4F 1.0 70.4F 111.2F 73.5F 

17:29:00 26.0K 25.8K 24.lK 1928 F 1987 F 9l.2F 28.95 0.4M 1255 F 1156 F 96.8F B5.2f 105.JF M 9.2 J9.7K 

500 20.1P 0.6P 29.1P 1.54P u.sr -O.lF 78.2F 74,5F I ,0 69.5F Ill. SF 74.2F 

17:11:oo 26.0K 2UK 24.!K mer 19Bl F 9l.IF 28.95 o.sn m• r 115& F 95.1F 8UF I05.JF 2.6 9.1 39. 2K 

500 20.0P 0.6P 25.71' I. 501' 69.2f 6J.JF 78.2f 7f5F 1.0 70.2F 109.5F 73. 7F 

IJj 17:ll:oo 25.9K as.eK 24.2K 1875 f mor 9J.IF 28.95 0.5H 1254 F mer 9J.5F 84.5F 105.JF 2.4 9.] lMH 

I 500 20.5P 0.5P 22.JI' 0.861' 67.8F 63.7F 79.7F 74. 9f 1.0 70.0F 106,8F 73.3F 

"' I 
00 
w 17:35:00 26.0K 25.U 24.3K 1151 f 1950 F 93.2F 28.95 0. 5A 1252 F me F n,TF 84.3F 105.4F 2.7 9.1 39.3H 

500 20.JP 0.5P 18.9P 1.39P 68.7F 6l.7F 78.7F 74.7F 1.0 70.4F 105.8F 7l,JF 

2 5 nRC-MOUHD DEVEL~rn£M1Al ~ASIE fRDCESSIHG SVSIE"S GLASS FURIIRCE RHO CVCLD11£ IIICIHE~AIDR 

OOJI 01 02 0 04 05 06 07 09 09 10 II 12 ll 14 15 16 

100 -·6lftSS FURIIRCE PDVER---1--------------·-·--------------GRS PARRMEIERS---------------------------------------------------------1 

200 KU RB kU BC KU CD CMBR II ("BR 12 AMD T BAR P AIR ORA OFGS II OF65 It OlUG DT ASI 01 EXH 01 PLUG P UHIR OP AIR AHB 

JOO 
400 1-----·-----ijAS PARAMETERS trntl--------1------------------liOUID PRRRMEIERS------------------------------------1 

500 02 tOMB US to COl NDX HE IN! HE 01 ~AD !HI RAO 01 CSTC PH SCR8 II OL6 RIH UHI RIM 

600 . -a•--•-------------•·--~-------------·-••-•••-••••--•-•••-•••--·•••••••••••-••••••-•••-•••-••-----------------------------------

11: l7:oo 15.9K IMK ll.lK uu r 1954 F ,,IF 29.95 Q. GM 1745 r 1153 F 9l.6F 84.lF 105.2F 2.7 9.0 J9.9M 

I 500 20.4P O.SP 19.01' 1.54P 70.0f 62.5F 78. JF 74.7f I. 0 70.4F I06.5f 73. 4F 

I 11:n:oo 25, 9K lUK l4.lK 1834 F 1944 F 9l.IF 28.95 0. 5" 1245 F 1154 r 9J.H 8l.9F I05.0f 2.7 9.1 40.1H 

500 20.4P 0.5P 17.4P I. 28P 70.6F 64. SF 78,6f 74,6F 1.0 70.1F I05.9F 1J,6F 

11:41:00 l5.9K 15.8K lUK 1811 r 19Jl f 9l.IF 28.95 0.6M 1245 F 1154 r 92.4f G4.0f I05.0F 2.8 u 39.1" 

500 20.4P O,SP 16.1P 0.96P 69.3f 66.4f 79.0f. 74. 9F 1.0 69,0F lOG. IF 73.5F 

I 11:n:oo 2S.80C 2$.9K 14.JK IDISF 1915 r 9l.ZF Z8.95 0. SM 12l6 F 115~ r 9l.6F 94. IF 105. IF 2. 6 9.2 ]9.1" 

•oo '"I"! ,,. n ID t ~ ,D n Q'"'P ~R.?r 1,4 .:,~ 7q 1r 7~ If 1.0 7n If •n~ ~r ~~ ~r 



tJj 
I 

N 
CXl 

"" 

17:4,:00 
500 

lftbH:oo 
~b47:oo 

25.8K 2,,9K l4.lK 1809 F 191! F 
20.4P 0.4P 15.6P 0.82P 

11:1~ ~1:,~ tt:l~ I'~J~ 1;g1 ~ 

i 
9l.IF 28.?5 

68, lf 
7l.JF 2M2F 
7J. zr zro~~r 

! 

0.5n 1242 F 115! F 
65.;1F _ 79,1f 74.8F 

~l:i~ IJI~it lJl~;t 

92.6F 
(,0 

91, tF 
91, F 

84.1f I04.8F 
70.5F 105.2f 

U:U lll:U 
2. 7 

73.4F 
71•BF 7 ,,r 

9. I 

9. I 
9.2 

!9.4" 

39.0" 
39.1" 



0~31 5 "RC-MDUHD DEI'Eb~rAENIAb ~ASTE r~DCE5SI~~ SVSIE~~ GLRS~ Fli~HRC~ RIID C~CLOII~ llljiiiERRIOR 
01 02 4 05 , 0 0 0 I 12 13 14 15 16 

100 --GlASS FURHflCE rDVER---1--------~----------------------GAS PARRitEIERS---------------------------------------------------------1 
200 KU AB KU BC KV CO tnBR Tl CMER 12 AKD T BAR P AIR ORK DFGS 11 OfGS T2 DLUG Dl KSI 01 EXH OT DlUG P VNIR DP AIR AIIB 

lOO 
400 1····-------GAS PARAMETERS COHT--------1----·"------------LIOUIO PARAHETERS------------------------------------1 
500 oz CDKBUS co C02 HDX HE IHT HE 01 RRD !HI RRD 01 CSIC PH SCR8 II DlG RIN UHI RIH 
600 a•-•-•---••·----•-------------------------------------------••-•••••------•-•••••••••·•-••••·•----------------------------------

11:sa:oo 25.7K 2'·'K 24.lK 1180 f 1894 F 9l.2F 29.95 0.5M 1238 F mo r n.or 84.0F 104. 9F 2.8 9.3 n.1n 
500 20.3P 0.5P 14.91' 0.74P 69. 7F 40.4F 78. 9F 74.9F 1.0 69. 9F 104.7F 73.5F 

11:sJ:oo 2MK 2MK H.2K mz r 10&9 r n.2r ze.n 0. 4H 1239 f 1149 F 92.7F 94.1F 104.9F 2.7 9.1 39.2H 

500 20.JP 0,4P IUP 0.72P 69.1F 65.6F 78.5F 74.5F 1.0 70.1F lOS. IF 73.4F 

11:~5:oo 2MK 25.9K l4.lK m1 r ne7 r 93. 2f 28.95 0.4H 1239 F 1149 F 91~ 83. 9f 105.0f 2.5 9.3 J9.2H 

500 20.JP 0.4P IUP 0.64P 68.3F 65.JF 79.9F 74.5F I. 70.5F IOS.OF 7l.4F 

17:$7:00 2UK 26.0K 34.11 m• r uu r 93.2F 28.95 0.5M 1239 F 1149 F 91.5F 84.0f 104.9f 2.6 9.2 39. 5R 

500 20.JP 0.4P 13.91' 0.64P 70.1F 65.1F 78.6f 74.6F 1.0 70.8F I04.9F 7J.5F 
to 
I 17:59:00 Z5.5K 26.0K 24.ZK 1761 f 1879 f 9J.IF 29.95 o.J" 121s r 1147 r 91.0F 8J.9F 104.9f 2.0 9.2 n.sn 

N 

"' 500 20,JP MP IMP 0.491' 70.9F 66.JF IU.JF 74.2F 1.0 70.JF 104.JF 7J.5F 

lJ1 

19:01:00 25.5K 26.0K li.IK 1771 f 1873 f U.2F 28.95 o.4" 1m r 1149 f 91.5F 84,1F 105. OF 2.7 9.2 39.3" 

500 20.3P 0.4P 13.91' 0.52P 70,0F 67.5F 79.6F 74.1F 1.0 70.IF 104.1F 73.4F 

!6:oJ:oo 2MK 26.0K 24.2K 1164 r n1s r 93. 2F 29.95 O.lA 1234 F 1146 F 92-IF 84.0F 101.9F 2.7 9.2 38. 7H 

00 20.JP 0,4P 04.0P 0.54P 69.4F 67.1f 77.9F 73. 7F 1.0 70.IF 10'3.9F 7l.5F 

~e:os:oo !U~ Zt.IK . I'· tK 1751 F 1873 F 93.JF 28.95 o.4n m• F 1145 F 92.6F 84-0F 105.0F 2.7 9.3 J8.9H 
00 .4P J. P o.saP 68.5F 66.0F 16.Bf 73.4F 1.0 70.7F I05.6F 7J.6F 

1o:o7:oo 25.5K 2G.OK 24.U ms r ms r U.lf 28.95 O.lM 1233 F 1145 f 94.1F 94.2F 105.0F 2. 7 9.3 n.sn 
500 20.3P 0.4P 13.4P 0.64P 69.9F 66.1F 77.2F 13.0f 1.0 7!.0F 106.8F 73.UF 

1a:o,:oo 2S.U 26.1K ll.OK 1156 r un r 93.2F 28.95 o.Jn 12!4 r 1144 F 93.lF 84.1F 104.8F 2.7 9.2 l8.5R 

500 20.3P 0.4P 13.91' 0.62P 71. 2F 66.9F 77.SF 73.2F 1.0 70.8f I06.5F 7UF 

18:11:00 25. 5K 26. IK 24.0K 1m r 1871 r 9l.2F 28.95 O.lM 1233 F 1144 F 93.8F 84.1F 104.8F 2.8 9.3 39.1R 

500 20.JP 0.4P 14.0P 0.62P 70.1F 6l.IF 77.4F 73.2F (,0 70.2F 107.4F 74. 2F 

18: u:oo 2MK 26,1K H.IK 1mr 1861 F 93.2F <8,95 O.ZA 1234 F 1144 f 95.0F 84. 2F I04.9F 2.7 9.3 38. '" 
500 20.JP 0.4P 13. 9P 0.74P 68. 7F 6~. 2F 77.2F 72. 9F 1.0 70.1F 109.2F 74. 2F 

10: o5:oo 25.5K 26.1K H.IK no• r 186& F 93.2F 28.95 0.1K 1215 F 1146 F 96. 3F Q4.1F IOUF 2.7 '·] 38.2K 

500 20.JP 0.4P 14.0P 0.92P 68.2F 59. ?F 76.JF 72.lF 1.0 10.5F II0.5F 74.2F 
I 
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2 5 nRC·ftDUHO HUELOmNTAL ~ASIE rrDCESSIItG SYSTEnS GLASS FUWACE AltO C\'CLOtt( lttCIHE~AIOR 
DOll 01 02 OJ 04 05 06 07 · 09 . 0~ 10 II 12 IJ 14 15 16 

100 ··GLASS fURNACE POVER-··1···--·-·-----"··-·-·-----1-----GAS PARAHEIERS---------- ----------------------------------------------1 

100 KU AB KU BC KU CD ChBR II tM&R 12 AnB T BA~ P AIR.DRft DFGS II OFGS 12 DLUG OT ns1 01 EXH 01 OLUG P VH1R OP AIR AIIB 
JOO . 
400 1··--·······GAS PARAMETERS COtiT --------1·---------L------LIOUIO PARAIIETERS--- -- ------------------------------1 

500 02 CDnBUS tO C02 HDX HE IH1 HE! 01 RAO IHI RRO 01 CSit PH SCRB IT OLG RIH VNT RIH 

6oo ------------------------------------------------··t··-----·"·------------------- -----------------------------------------------
, 

18:17:00 25.5K 16.2K 14.1K 1810 f 1865 f 9J.If 28.95 O.ln 1237 F 1147 f 96.9F 84.2F I04,7F 2.7 9.4 38.Jn 

500 20.JP 0.4P IJ.9P 0,82P 70.0F 58.6f 76,4F 72.1F 1.0 70.9f 110.7F 74.2F 
! 

18: u:oo 2MK 
500 20.lP 

19:21:oo 25.6K 
500 20.3P 

26. 2K 
0.4P 

U.2K 
0,4P 

24.2K 1782 f 1867 f 
ll.BP 0, 79P 

24.2K 1118 f 1865 f 
ll. 9P 0,591' 

9l.2f 

9J,If 

28.95 
71.1F 
! 

28.95 
70.bF 

0.1n IIJB F 1147 f 
64.9F 76.7F 72.3F 

o.zn 1238 r 1148 r 
57.9F 76.lF 72.0F 

97.2F 
1. 0 

97.0F 
1.0 

84.JF I04.8F 
70.BF 111.5F 

84.JF I04.8F 
70.lF IID.4f 

2.7 
74.7F 

2.7 
74.7F 

9.4 

9.3 

J8.8n 

J8.8n 

18:23:00 25.6K 26,2K 14.2K 1800 f 1864 f 9l.IF 28.95 o.2n 1239 F 1148 f 97.8F 84.3F 105.0f 2.7 9.3 38,JH 

500 20.2P 0.4P ll.SP D.52P ~8,lF 64.9F 7Mf 71.9f 1.0 70.3f 110.7F 74.6f 

18:25!00 25.7K 26.2K 24.JK 1800 F 1859 F 9J.IF 2 •• 95 o.zn 1218 F 1147 F 96.6F 84.3f 105.1f 2.7 9.4 J8.3n 

500 20,2P 0.4P 13.91' 0,24P ;n.4F 58.9f 76,1f 71.9f 1.0 70.7f lll.lf 74.4F 

18:27:00 25.7K 26.2K 24,JK 1111 f 1861 F 9J,IF 2 •• 95 O.~n 1238 F 1148 F 97.4F 84.3F I05.2f 2,6 · 9~4 38.4H 

500 20.2P 0.4P IJ.7P 0,12P i70.4F 64.5f 75.6f 71.8F 1.0 71.0F 111.6F 74.6F 
' 

18:29:00 25.8K 26.2K 24,JK 1186 F 1859 F U.OF 2J,95 0.2n 1239 f 1148 f 96.9F 84.3F 105.3F 2.6 9.5 38.2H' 

500 20.2P 0.4P 14.1P O.t4P 17t.2F 64.4F 75,8F 72.0F 1.0 70.6F 111.9F 74.8f 

18:JI:oo 25.8K 26.2K 24.ll 1765 r 1859 r 
500 20.2P 0,4P 13.91' O.IOP 

18:3J:OO 25,8K 26,2K l4.3K 1107 f 1865 F 
500 20.5P 0.4P 15.2P 2.84P 

1a:35:oo 25.8K 26.2K l4.4l 1763 r 1857 r 
500 20.5P 0,4P 15.4P 2.70P 

1a:J1:oo 2$.8K 
500 20.5P 

1a:J9:oo 25.8K 
500 20.4P 

26.2K l4.JK 1790 F 1851 F 
0.4P 16.JP 2.24P 

26,2K 24.4K 1781 f 1846 f 
0, 4P 16, IP 2. OOP 

n.or 

93.1f 

28.95 
j69.8F 

~8.95 
i68.JF 

o.2n 1242 r 1150 F 99.6F 
67.5F 76,JF 71.9F 1.0 

"0, 2n 1241 F 1150 f IOO.IF 
u.or 76.or 71.6F 1.0 

84. 4F I 05. 4F 
70, 4f 115. 2F 

84.5F 105.5F 
70.5F: 114. JF 

2.6 
75.0F 

2.6 
75.2F 

9J,IF J8. 95 :o, 2n I m F 1150 F 98.8F 84.6f 105.7F 
1.0 71.1F 114.7F 

2.5 
75.1F :69.2F 39.4F 75.9F 71.6F 

9l.IF 28.95 
70.9F 

9J,OF 28.95 
71. 2F 

o.zn Ills r 1119 F 99.5F 
]9.5F 75.8F 71.4F 1.0 

O.<H 1238 F 1148 F 98.6F 
64. OF 75. SF 71. 3F I. 0 

84.6F 105. 7F 2.7 
71.2F 114.0F 75.1f 

84.7F I05.9F 2.7 
70.8F 114.2F 75.4F 

9.4 37. 9n 

9.3 38.3H 

9.4 37.8" 

9.4 37. 7n 

9.4 38.1H 

13:41:0~ 25.8K 26.2K H.4K 1809 f 1844 r 93.0F 28.95 O.~n 1236 F lllB F 98.6F 84.7F 105.9F · 2.6 9.4 J7,8n 

500 20.4P 0,4P 16.6P 1.94P 69.4F 50.4F 75.lF 71.JF 1.0 70.5F IIJ,9F 75.JF 

r 



2 5 ftRC-nOUHD OEVHDmNIAL VASIE r~OCESSIIIG SVSIEnS GLASS FURIIACE RllD CVCLOiiE IIICIIIERAIDR 

OOJi 01 02 OJ 0~ 05 06 07 08 09 10 II 12 IJ 14 15 16 

100 --GLASS FURHAC£ PDUER---1-------------------------------GAS PRRRMETERS-------------------------------------------"·------------1 

200 KU AD KY DC KU CO CNBR Tl CMBR 12 AMB I BAR P AIR O~M OFGS II OFGS 12 9LUG 01 KSI 01 EXH 01 DlUG P UHIR OP AIR RIIB 

lOO 
400 t-----------GAS PARAMETERS COIIT --------1------------------t IOU 10 PARAJIEIERS---- -· ·-----------------------------1 
500 02 tOMB US co C02 MDX HE IHI HE 01 RAD IHT RAD 01 ~SIC PH SCRB II OlG RIH UHT RIH 

600 --------------------------------------------------------------------------------------------------------------------------------

te:4J:oo 2UK 26. 2K 24. IK me r 18!9 F 9l.OF 28.95 0.2M 1234 F 1148 F 99.1F 84.7F 106.0F 2. 7 9.4 37.en 

500 20,4P 0.4P 16.6P 1.76P 68.4F 6S.OF 75.lf 71.1F I. 0 70.6F 111.9f 75.1F 

n:1s:oo lS.UK 26.2K !4.5K 1775 F 1834 F n.!lf 28.95 o.2n 1m F 1147 F 95.6F 8Uf 106. 2F 2.G 9. 4 J8.2H 

500 20.4P 0.4P J6,JP I, 14P 69.1F 65.7F 75.7F 71. 4F 1.0 71.2F ID9.1F 7UF 

19:47:00 lUK l6.2K ll.SK 1721 F lUll F 9J.OF 28.95 o.zn 1m r 1145 F 9l.6f 84. JF 106.3F ·2.6 9.4 37. 7H 

500 20.JP O.IP !UP 0.78P 70.8F 66.9F 75.7F 71.4F 1.0 71.JF 106.5f 74.4f 

te:n:oo l5.9K 16. 2K 21. 5K 1714 r 1924 F 92.9F 28.95 0.2H 1228 F 1145 F 92, 7F 84.2f 106.Jf u '·' J7.6R 

500 20.JP 0.4P 15.9P 0.56P 71.6F 69.2F 75.9f 71.6F 1.0 71.0f 104. 9F 74.JF 

tJj IB:s1:oo 25.9K 26. 2K 2MK 1714 F 1821 F 92.9F 28.95 o.2n 1m r 1151 F 91.8F 84.0F I06.JF 2.7 9.! !7.6A 

I 

"' 500 20.31' 0.4P 16.0P 0.481' 69.9F U.IF 15.4F 71. Jf 1.0 70,6F 10l.5f 74.1F 

co _, 
1a:sJ:oo 2MK 26.2K 7UK 1110 f U.9F 28.95 92.0f 84.2F 106.6F 2.7 9.3 !7.4H 

1021 r o.1n 12!3 r 1156 F 

500 20. 31' 0.4P BS.BI' 0.34P 68.5F 67.9F 75.8F 71.5F 1.0 70. 9F 102.4F 74.0F 

~e:ss:oo 2UK 26. 2K 24.U U99 F U08 F 92.8f 20.95 O.IA 123! F 1154 F 90.9F 84.2F 106.6F 2.7 9.3 !7.6" 

00 20.2P 0.4P 16.01' 0.22P 68,7F 67.SF 75.7F 71. IF 1. 0 71, 2F 101. IF 7l.7F 

~e:s1:oo ~~-·~ 2~.2K {4- 5K 1112f 1805 F 92.BF 28,95 0. lA 12l2 F 1154 F 90.4F U4.2F B06.7F 2.7 9.4 U.BA 

00 .2P .4P 6.0P O.OOP ro.er 67.Bf 75. If 71.4F I .0 71.4F 10o.6F 73.7f 

ta:s9:oG 2MK 26. 2K 24. SK un r 1803 F 9Z.7F 20.95 o.on tm r 1154 F 89. 7F B4.0f 106.6F 2.7 9.3 37.5ft 

soo 20.2P 0.4P 15. 91' -0. 02P 71,6F , &!.IF 15.JF 71.1f 1.0 71.1F 100. 4F 7l.8F 

n:ot:oo 25. 7K 26.3K 24. 5K IUS F 1799 F 92.7F 29.95 O.lft 1729 F IISJ r 89. 7r S4,1F 106.7F 2.7 9.3 n.tn 

500 20.2P 0.4P ·1s.eP -o.o~P 70. JF 70.0F 75. 2F 70.~f 1.0 70, If 99. 7F 73.9F 

t9:ol:oo 29.7K !6,JK 24. SK 1686 r 1802 r 92.7F 28.95 O.lft 1227 f IISJ F 89.JF 84.1F 106.6F 2. 7 9.3 37 ·'" 
500 20.2P 0.4P 16.2P -O.O~P 68.6F 69.5F 75.6f 70.9F I .0 71.0F IOO.IF 73. 7F 

19:os:oo 25.7K 26. JK 24. 5K 1675 r 1795 f 92.1F 28.95 O.lft 1227F 1152 F 89,2f 94.1F I 06, 7f 2.7 9.3 37.4ft 

500 20.2P 0.4P 16.2P -0,06P n.JF 67.8F 75.3F m.er 1.0 71. JF 99.JF 73.5F 

1·J:o1:oo IUK l!.JK IUK 16Bl r 1795 f 92.6F 28.95 O.IM 1125 F 1151 F 89.1F 84.0F 106.6F l.7 
'· 4 

31.5A 

500 20.2P 0.4P 16.IJI' -0.06P 71. IF 68. JF 74.8F 70.5F 1.0 71. sr 99.1F 13. 5F 



i 

.~ 1 ,. IIRC-HOUHD DEVELOPIIEMIRL URSIE P~OCESSIHG SVSIEIIS ! GLASS fli~IIACE AHD CVCLOIIE IIICIIIERRTOR 

0031 01 02 03 04 05 06 07 - 08 09 10 II 12 ll 15 16 

100 --GLASS fURHAt£ POUER---1-----------------------------t-GAS PARAHETERS---------------------------------------------------------1 

200 KU RB KU BC KU CO CIIBR Tl CIIBR T2 RHB T BAR P ! AIR ORH OFGS II OFGS 12 DLUG DT liST DT EXH OT DlUG P ~HTR DP AIR RHB 

300 
400 1-----------GAS PARAHETERS COHT--------1--------------c---LIOUIO PARAHETERS------------------------------------1 ' . 

l~~ ___ Ql ____ tUnBUS ____ tg _____ tOl _____ HUK ____________ U£.1Hl--HE.Ul_,_8HQ_lHl.88Q.Ol __ ;srt.~U.St&Q_ll.Q~~-HlH_q~l-~lU ___ "------------

19:09:00 2MK 26.4K 24.5K 1677 F 1801 F 91.3F 28.95~ o.tn tm r'lfff'r 90.9F 84.1F 106.7F 1.6 9.3 37.011 

500 20,2P 0.4P 15.BP -0.02P 71. 4. 69.5F 75.1F 70.5F I, 0 71,0F IOI.BF 73t9F 
i 

19: u:oo 2MK 2,.4K 24.6l 1672 F 1792 F 92.3F 29.95 0.111 1225 F 1148 F 90.3F 84.2F 106.7F 2.7 9.3 37.111 

500 20.2P 0.4P t6.4P -o.oaP 69;~F 69.2F 74,9F 70.5F 1,0 70.6F I01.9F 73.8F 

u: u:oo 1MK 26.4K 14.6l 1674 F 1807 f 92.2F 18.'~ 0.211 1228 f 1150 f 93.1f 84.2F 106.8F 2.1 .· 9.3 36.911 

500 20.2P 0.4P 16.2P -0.04P 6UF 68.5F 74.8F 70.2F 1.0 70.9F I05.1F 74.0F 

19:t5:oo 2MK 26.4K 14.6l 1663 F 1790 f 92,1F 28.9$ 0.011 1227 F 1151 F 99.7F 84.3F I06.9F 2.1 9.4 . 36.511 

500 -6.JP -I.JP 2.4P -o. 501' 6MF 67.9F 74.5F 69.9F 1.0 71,4F IOI.IF 73.5F 
i 

IJj 19:tr:oo 2MK u.u 14,7l 1668 F 1780 F 92,0F 28.95 O. 011 1224 F 1150 F 88.3F 84. 4F I06,7F 2. 6 9.3 37.111 

I 500 -6,JP -I,JP 2.4P -0.46P 71.4F 68.2F 74.5F 70.2F 1.0 71.1F 99, 3F . 73. 4F 
N 
co 91.9F 28.95 co u:u:oo 2MK 26.4K 14.7K 1663 r 1775 r o.on 1222 r 1148 r 88.4F 84.5F I06.9F 2.7 9.4 37.011 

500 -6.JP -J,JP 2. 5P -o. HP 10. 7F "· 2f 74.4F 70,JF J,O 70. 7F 98,6F 73. 5F 

19:1t:oo 15.6K · 26. 5K 14.7K 1663 F 1777 F 91, 7F 28.9~ o.on 1221 F Jt4B r BB.OF 84.6F I06.BF 2.6 9.3 36.511 

500 -6,JP -J,JP 2.4~ -0.44P 6UF 68.6F 74.1F 69.7F 1.0 70,5F 97.9F 73.3F 
i 

O.OH 1220 F 1147 F 36.6" 
19:23:00 25.5K 26, 5K 14.1K 165t F 1772 F 91, 7F 28.95 87,JF B4.6F I06.9F 2.7 t.4 

500 -6.JP -I,JP 2.4P -0,42P 68, 7F 67.4F 74.4F 69.8F J,O 71.2F 97.6F 73.1F 

19: n:oo 25.5K 26.5K u.n IUO F 1766 F 91,7F 28.9~ o.o~ 1211 r 1147 r B6.4F 84,7F I07,0F 2.7 9.3 37.tft 

500 -6.3P -I,JP 2.4P -0,42P 70,'4F 67,6F 74.0F 69.5F 1.0 7J,3F 96,0F 73.0F 

19:z'r:oo 
' 

2MK 26.5K u.u 1m r mo F 91, 6F 28. 9:5 -0.1" 1215 F 1146 F 86.5F 84.6F I07.0F 2.6 9.3 36. 7ft 

500 -6.JP -t.JP 2.4P -0,401' 71.,5F 69.2F 74,2F 69.6F 1.0 71.0F 96.6F 7J.2F 

• ~': z!:oo 2lo6l 26.6k 14.71 lUI F 1775 F 91.6F 28,!5 O.OH 1215 F 1145 F 86.5F 84. 7F 107 .IF 2.7 9.3 36.1ft 

00 - .JP -t.JP 2.4P -0,401' 70.0F 70.JF 74.JF 69.7F 1.0 70.6F 96.0F 73.2F 

, ~~b3t:oo !1:~~ !\:~~ z~.e~ t~se F 1765 F 91.5F 2M~ -0. ~" 1115 F 1144 F B6.JF 84.7F I07.1F 2.7 9.4 36.1ft 

.~ - .42P 68J F 69. F 74,0F 69,6F 1.0 70.8F 95.9F 72.9F 

t!: ll:oo 25.6K 1&.5K 24.tK mo r 1763 r 91.6F 28.95 0.0" 1114 F 1142 F 86,JF B4.8F 107.tF 2.7 9.3 J6.6ft 

500 -6.JP -I. JP 2.4P -0,401' 69;2F 65.~F 74. 2F 69.6F J,O 71. JF 96.1F 72.9F 



.. 
2 5 "RC-ftOUHO DEUELOFMEHIAL ~ASIE PRULbSIIfG SVSHAS 6LASS FURIIHLt iiHv ,,lLOIIE lllliiiERAIOR 

OOli 01 02 Ol 04 05 06 07 oa 09 10 II 11 13 14 15 16 

100 --GLASS FURNACE POVER---1·------------------------------GAS PRRAitEIERS---------------------------------------------------------1 

200 KU AD KU BC KU CO CnBR il CMBR 12 AMB T BAR P AIR DRM DFGS II OFGS 12 DlUG 01 MSI Dl EXH DT OLUG P UHIR DP AIR AHD 

300 
400 1---------·-GAS PARAMETERS COHT--------1------------------LIOUIO PARAHE!ERS------------------------------------1 

500 02 tDHBUS CD to2 HOX HE IHI HE 01 P.AD IHI RRD OT CSIC PH SCRB IT DLG RIH VHT RIM 

600 ------~-------·-----------------------------------------------------------------·--------------------
------~~---~-----~---·-----

a':ls:oo 2MK 26.5K 2UK nu r 17U F 91.6f 29.95 o.o" 1m r 1143 f 96.8F 84.8F 107.2f 2.7 9.4 3Un 

500 -6.3P -l.lP 2.4P -11.401' 71.2F 67.5f 7J.8F 69.4F 1.0 71. JF 95.8F 72. 9F 

17:37:00 25.7K 2MK H.9K 1644 F 1756 F 91.6F 28.95 -O.IH 1213 F 1142 F 86.3F 84.9f 107. 2f z. 7 '·' 36.5K 

500 -6.JP -l.lP MP -0.401' 71.4F 63.]f 7l.6F 69.2F I. 0, 70.8F 95.9F 73.1F 

n:n:oo 2UK !UK 24. YK 1657 F 1755 F 91,7F 28.95 0. 0" 1211 F 1141 F kar 85.0F I07.4F 2.6 9.4 36.7M 

500 ·6,JP ·l.lP MP -0.401' 69.4f 69,6F 73. 7F n.zr 1.0 70.6F 96.0f 73.1F 

19:41:00 2,.6K 26.6K 24.9K asso r 11ss r 91.7F 28.95 -o.1n 1211 F 1140 F 85.6F 05.1F 107. 4F 2.7 9.] J&.ln 

til 
500 -6.JP -l.lP 2.4P ·O.Jill' 68.4F 69,2F 73.8F 69.2F 1.0 70.9F 9S.6F 72.8F 

i 2UK N !':4J:oo 2MK 24.9K nss r m1 F 91.7F 28.95 O.OM 1100 f 1140 F 05.7F BS.OF I07.4F u M J&.4A 

00 500 ·6,3P -l.lP 2.4P -0.40P 69.8F 56. IF 73.8F 69.2f 1.0 71.2F 95.4F 12.7F 

"' 19:4s:oo 2MK lUK U.OK un r ml r 91. OF 28.95 0. OM 1208 F 1139 F 85.6F 85. 2F 107.5F u 9.3 l6.5ft 

500 -6.3P -l.lP. 2.4P -O.JBP 71. JF 66.5F. 73.6F U.OF 1.0 71. 2F 95.3F 7MF 

19:47:00 2MK 2UK 24.91 1m F 1756 F 91,8F 28.95 ·-o.an 12os F 8138 F B5.9F 85.3F 107.7F 2.1 9.3 l&.an 

500 ·6,3P ·I,JP MP. -o. 40P 70. 9F 69.2F 73.7F 69.2F 1.0 70.5F 9S,lF 7l.OF 

~~bn:oo ~~:~ !t:~ 2i; u !~~gJ 1150 f 71 • 9f 2h~~F . 6B: ~p I f~~7~ I U! 2~ our ,5. JF 107. 8F u 9.3 36.4R 
O.JF 94.0F 72.9F 

u:sa:oo 2MK 26. 7K 24.9K 1645 f 1754 F 91.9F 28.95 -O.IR 120] F 1137 F 85.2F 85.2f 107.9F 2.7 9.4 36' 21' 

500 -G.JP ·I,JP 2.4P -11.38P 68.3F 67.8F 73.4F 63.9F 1.0 70.7F 94.1F n.&r 

19:53:00 25.61 26,1K 24.n US! F 1745 F. n.or 28.95 O.OA 120J r· Ill& F 84. 9f 85.3f I07.9F 2.6 Ml 36.!H~ 

500 -6.3P ·l.lP 2.4P -0.401' 69.2f 67.8F 73,6F 69.1F 1.0 71. 2F 94.4F 72,6F /' 
' ·I 

19:ss:oo 2UI 26. 7K 25. OK 1651 F 1750 F 92.1F 29. 9S O. OH 1202 F 1135 F 85.9F 85.4f lOB. If 2.7 9.3 · 36.2R 

500 -6.3P -I,JP 2.5P -O.J6P 70.6F 67.6F 7l.4f 68.9F I. 0 71. 2F 94. JF n.er 

~z6s7:oo ~uJ · ~u~ 2J.U 1645 f 1747 f 92.1F 28." Q. OM 1199 f 1135 f 85.0F 85.4F lOS. IF 2.6 9.4 35.9R 

.5P -O.l6P 71.2f 69. 7F 7!. 5F U.OF 1. 0 70. 9F 94.3F 72.9F 

n:s9:oo 2UK ·26.8K 25.11 1747 r IBlO F n.IF 28.95 O.IM I 122 F 1059 F 81.6f 86.8F 106. 7F 0.3 0.3 35.9R 

500 -6,JP ·t.JP 2.5P -O.l61' 71.0F 67.0F 72. 7F 69.6F 1.0 70. 2F 82.4F 71.SF 
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Abstract 
A hazardous waste stream, covered by the :Zesource Conservation and Recovery 

Ac~ (RCRA), generated as a by-product of explosives fabrication processes, 

was treated by means of a joule-heated glass furnace in a series of test 

burns at Mound. 

The burns were designed to determine the furnace's capability to meet the 

Environmental Protection Agency's hazardous waste incineration standards 

while processing a highly aqueous, low BTU waste. A second goal of the 

experiments was to determine the energy cost of this onsite processing. 

The current procedure for handling the waste, shipping it offsite to a 

disposal contractor, is expensive and carries long-term environmental law 

liability concerns. 

Four test burns were made, with wastewater content varied between 44 and 

100%. Despite mechanical and operational problems (since corrected), the 

tests yielded destruction and removal ef::ciency factors greater than the 

required 99.99% for all runs, and greater than 99.999% for all but two 

san::ples. 

Energy costs proved to be of minor significance. Projected operational 

labor costs, however, eliminate much of t~e economic incentive for glass 

rnel~er treatment of this waste stream at ~he present time. 

Introduction 
The management of hazardous, toxic, and '"::nixed11 (hazardous organics and 

radioactivity) wastes has become a serious problem for companies throughout 

the United States. Environmental law enacted over the past seven years has 

resulted not only in escalating costs for the complicated handling, stor

age, and treatment processes required, but also in greatly increased 

concerns for corporate and personal liability, because responsibility for 

the waste continues as long as the waste or a listed by-product exists. 
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As a generator of hazardous wastes, Mound has been affected by these 
changes. Currently, Mound is able to package most of its nonradioactive 
hazardous wastes for shipment c:fsite to private firms for treatment. 
Mixed wastes, however, are bei~~ stored indefinitely onsite because :~ere 

is presently no disposal optio~ for them. High disposal costs -- projected 
to rise steeply in the future -- the mixed waste problem, and especially 
the long-term waste responsibil:ty, have generated interest in onsite 
treatment for at least some of -:.hese wastes by methods such as recycling 
and incineration. 

An incineration device, the joc.:.:e-heated glass melter, has been in use for 
several years at Mound. Operated primarily for experimental purposes, the 
glass melter was procured orig:~ally for a project sponsored by the 
Department of Energy (DOE) to F.-aluate its potential as a treatment C?tion 

for nuclear power plant waste. It was discovered while performing :his 
work that much better combustic~ was occurring in the furnace than had been 
anticipated. Later tests with ~onsanto Company waste compositions indi
cated· tha.t the furnace- was capa.=.le of providing waste destruction eff:.cien
cies exceeding environmental la~ requirements even with difficult to burn, 

This evaluation has been desigr.ed to provide further data on hazardous 
waste treatment by means of the glass melter by: 

l. Confirming earlier destruct~on efficiency results; 

2. Determining whether the mel=er could adequately and economically be 
used to process one of MounC's major hazardous waste streams; 

3. Determining furnace conditions that lead to glass furnace processing 
failure in terms of ·organic destruction. 

4. Using this waste stream, wh~ch is high in water content, to further 
define glass melter operati~g parameters for acceptable. hazardous 
waste combustion. The criterion for 11 acceptable thermal destruction" 
has been defined by the Env~ronmental Protection Agency 
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(EPA) to mean that a disposal process must destroy or remove hazardous 
constituents of a waste on a continuing basis at an efficiency of at 
least 99.99%; 

The waste stream selected for this study is produced as a by-product of an 
explosives fabrication process. This waste consists pri~rily of water, 
acetone, and ethanol, with smaller amounts of other hydrocarbons and 
chlorohydrocarbons. Trace quantities of explosives may also be present. 
The waste falls under the RCRA's "hazardous 11 designation because of its 
organic constituents. It must therefore be handled and Cisposed of in 
accordance with RCRA laws. Current disposal practice consists of packaging 
the liquid in 55-gal drums, which are picked up by a con~ractor for 
transportation to a treatment facility at a current cost of $150-$200 per 
drum. Ten to 20 drums per month are being generated. 

Mound's responsibility for this waste continues through =ransportation and 

disposal. In addition, Mound incurs continuing liabilie< in using offsite 
disposal because, ~nder Superfund law, a waste generator is responsible for 
cleanup of any disposal site it has ever used in the eve~t of hazardous 
waste releases at ~hat site. 

Study Description 
This study consisted of four burns (each approximately e:ght hours in 
duration) of sim~lated waste. Each burn differed in re:ative quantities 
of acetone, ethanol, and water. The compositions chosen represent a high, 
a low, and two rniC.?oints of those which could be expecte·.::. in normal process 
waste. All waste compositions were relatively high in w~ter content, 

varying from a low of 44% to nearly 100%. A known quantity of an RCRA

listed hazardous waste, methylene chloride, was spiked into each feed 
batch. Methylene chloride, a normal contaminant of the ~aste under study, 
is quite high on ndifficult to incinerate 11 lists. 

Because of the high water content of the waste, its heat value is very 
low. Almost all of the heat required for raising the temperature of the 
feed and combustion air, vaporizing the organics, evaporating the water and 
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raising the resulting steam to chamber temperature. and destroying the 
organic molecules must come from heat supplied frc~ "he bed of molten 
glass. The molten glass is in turn maintained a~ "' :-.igh temperature by an 
electrical po~ering system. 

One of the objectives of this study was to dete=i== "he energy efficiency 
of this process by monitoring power input and feec ra"e data. Unfortunate
ly, furnace problems hindered this effort. For reas~~s not ascertained at 
the time, the glass melter had been operating well ~clow its power specifi
cations for many months. Just before the start of ~~ese experiments, 
modifications ~ere made that were intended to corre~~ the problems. They 
were not successful. 

Maximum electrica~ current supply to the melter :o~ ~~ese runs was 25% 
below what the power system should have been capabce of providing, and at 
least 10% below the minimum required to properly ha::cle this ·waste. On 
several occasions, furnace power was interrupted cc·.:r:;:letely by circuit 
breaker trips-. When e-lec-trical de-ficiencies were ::.:-...ally uncovered and 
corrected, it was discovered that a significant par~ of the electricity 
sup!JJ_i_<;ci_1;g _the_ po_wer_s}'.s.tem .and-recorded--a-s-i-npt.>t--v..s--ac-~ual-ly -bei-ng
dissipated in the power system rather than being "ra~£mitted to the glass. 
In addition to providing higher than actual power readings, the furnace 
problems limited the quantities of waste (especially of the very aqueous 
types) that could be fed to the furnace. 

Equipment 
Incinerator 
The combustion device is a 150 kW joule-heated glass ~elter purchased from 
Penberthy, Electromelt, Inc. Molten glass is initially formed in the 
furnace by heating component chemicals or recycled 'lass frit to approxi
mately l400•F with a propane burner. Once glass reaches the molten state 
it will conduct electricity. The burner is then ~-ned off, and heat for 
maintaining or increasing the glass temperature is generated from the 
resistance of the glass to the electrical current passing through it. 
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Power is supplied to the melter by ~eans of three pairs of iron electrodes 

protruding horizontally into the bee of molten glass. (See Figure l.) 

Power is controlled by three indepe~~ent silicon-co~:rolled rectifier 

units. The melter ch.:1mber holds a~~=-oximately one :::::-n of glass. The 

surface area of the glass is approxo~ately 17 ft 2 , and the bed depth can 

vary from approximately 9 to 12 in. 

Waste for these experiments was int=oduced to the rnelter through a port ~ .• 

the top of the chamber. The waste is fed in as a stream and drops pri

marily as liquid to the glass bed fcom where it evaporates. Waste feec 

atomization, a process which has trcditionally caused problems in waste 

incinerator operation, is not necessary. The molten glass covering the 

Propane 
burner 

F~ Off~s 
hopper tee 

Combus:ion air inlets 

Viewport 

Figure 1 - Schematic of joule-heated glass furnace. 
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chamber floor protects the refractory from direct impingement by cool 
liquid and also provides the energy for vaporizing the waste which puddles 
on it. Since waste liquid evaporation takes place at the relatively 
~onturbulent feed end of the furnace chamber, the full volume of the 
chamber is available for combustion of organic vapors. (See Figure 2.) 
The waste atomization process, if required, would not only sharply 
circumscribe feed characteristics, but, because it inevitably projects 
droplet.s downstream and into the gas stream, might well result in 
inadequate waste destruction. Opera~ing properly, atomizers typically 
project 100-500 pm droplets. The penetration of one 300-pm droplet 
through the system for every 10 mill~on droplets of 30-pm mean diameter 
can result in failure to meet waste destruction efficiency standards (1]. 

Provisions for glass additions and removal are available, but would rarely 
be needed for this feed because of i=s low ash content. Exhaust fans 
located downstream of an offgas conditioning system pull combustion by-
product gases and water to the offgas system by way of a top port at the 
chamber end opposite the feed port. 

Offgas System 
The offgas system used to treat the ~elter exhaust is a wet system which 
uses a sodium hydroxide solution to cool and clean gases. (See Figure 3.) 
A spray tank and venturi scrubber cocbine to cool gases to less than lso·:. 
remove nearly all particulate matter. and neutralize acid gases generated 
in the combustion process. The ventilation system was not adequately 
designed at the time of these experii:~Cents to provide the very low com
bustion air volume needed and still ~intain proper differential pressure 
across the venturi scrubber. As a result, the scrubber was operated 
considerably below its design pressure drop for these experiments. It 
would be expected, therefore, that particulate and acid gas removal 
efficiencies would be negatively effected. 
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FEED ATOMIZATION 

UNEVEN PARTICLE SIZE DISTRIBUTION, POTENTIAL FOR AGGLOMERATION, 
COOLING EFFECT OF DROPLET SURFACE EVAPORATION, AND SHORTENED 
PATH TO EXIT CAN RESULT IN ORGANIC LIQUID EXITING THE CHAMBER. 

STREAM WASTE FEED 

DISTILLATION OF FEED IS SURFACE PHENOMENON OCCURRING PRI· 
MARIL YON GLASS SURFACE. LITTLE CHANCE FOR AIR STREAM TO 
CARRY LIQUID FROM THE CHAMBER. 

Figure 2 - Feed alternatives. 
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HEAT 
EXCHANGER 

TO 

uc;-_·:o 
Fi'.... !:A 

WASTE SLU!JGE -+---...J 
DISPOSAL 

SCRUB 
llOUOR 
PUMP 

RECYCLE 
TANK 

l-~--WATER 

'----CAUSTIC 

ORA!N TO 
WASTE DISPOSAL 

Figure 3 - Wet offgas system. 

Monitoring and Analysis 

CYCLONE 

CINCINERA TOR 

GLASS 
MELlER 

The most critical analysis for this study -- that of hazarcous component 
destruction and removal efficiency (DRE) determination -- was performed by 
an outside contractor, PEI Associates, of Cincinnati, a nationally recog· 
nized environmental pollution monitoring and analysis company. PEI mea
sured incinerator stack emissions of methylene chloride, the principal 
organic hazardous co~onent (POHC), by means of a volatile organic sampling 
train (VOST). The function of the train (see Figure 4) is to capture 
organic molecules from a representative sample of flue gas by means of a 
tenax resin trap. The trap is then desorbed to a gas chroaatograph/mass 
spectrometer for qualitative and quantitative analysis of the captured 
organics. 
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t 
STACK 

Healed Probe 

Thermocouple 

Sorbenl 
Cartridge 

Condensate 
Trap lmplnger 

Silica Gel 

Figure 4 - Schematic of volatile organic sampling train (VOST). 

Particul?te matter, stack moisture, and chloride emissions were monitored 

using an EPA method 5 train. This equipment (see Figure 5) is des:g~ed to 
isokinetically collect a representative sample of flue gas for ana:ys~s of 

contaminants. Materials that are particulate at elevated temp~rat~~e5 are 

collected quantitatively on an inline filter. Other contaminants, ir.~lud

ing water, are collected in cooled impingers. Hydrochloric acid is c~l

lected quantitatively by changing the standard impinger solution to a 
sodium hydroxide solution. 

NOX' CO, and co2 were monitored with continuous emission monitors. 

Other system parameters were monitored continuously and recorded every 
5 min using applicable sensors and a Kaye Instrument data logger. 
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~TEMPERATURE SENSOR 

PITOT TUBE HEATED AREA 

PROBE 7 A 
REVERSE-TYPE n ~I 
PJTOT TUBE . fr fi 

THERMO~.~ETER 

\_ FILTER HOLDER 

PI TOT MANOMETER THERMOMETERS 

ORIFICE 
BY·PASSV~ 

DRY GAS METER 

MAIN 
VALVE 

AIR·TIGHT 
PUMP 

CHECK 
VALVE 

VACUUM LINE 

~-~fig!l.Lii'. ,5 _- DLagr.am .. _of..-EPA met:hCJd -5--s;mpJ.-ing---to-J?-ain ,-

Experiments 
Waste Preparation and Feed 
Specially prepared drum batches of acetone, ethanol, and water were opened 
just prior to burning and spiked with 1500 mL of methylene chloride, which 
is miscible in all the feed types in the concentrations used. The waste 
was then mixed thoroughly by recirculation and pumped to a closed feed 
tank. Feed to the furnace was accomplished by pumping the waste through a 
flow meter, a shut-off valve, a check valve, and into a nozzle with several 
large holes, from where it dropped onto the glass. Mixing was continued 
throughout the run by recirculating part of the feed back to the feed 
tank. Feed rate to the furnace was set using the flow meter, and rates 
were checked periodically by measuring differential volumes in the feed 
tank. 
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Furnace Preparation 
Electrical power was maintained as high as the problem-plagued control sys

tem woul~ permit throughout all runs, and thro~gh evening hours between 

runs as -. .-ell. 

Run Parameters 
Waste cocpositions were varied for each of the four runs. Table l provides 

the waste mix for each day's processing: 

Waste feed rates were changed periodically during each run to explore as 

wide a range of conditions as possible and, on occasion, because conditions 

mandated changes. Feed rates, the period of time the rate was operative, 

and the total feed in gallons fed in that time period are shown in Tables 

2-5 and graphically as a function of chamber temperature and DREs in 

Figures 6-9. 

Table l - WASTE COMPOSITIONS 

Run 1 Run 2 Run 3 Run 4 
Waste Component (waste Cl (waste Bl (waste Dl (waste A) 

Acetone 11.0% 3.7% 16.5% 0 
Ethanol 23.9% 12.9% 38.6% 0 
Water 64.4% 82.7% 44.1% 99.27% 
Methylene Chloride 0. 73% 0.73% 0.73% 0.73% 

Table 2 - RUN 1 WASTE FEED DATA 

Run Time 

08:25-09:40 
09:40-12:23 
12:23-13:40 
13:40-15:56 
15:56-18:23 

Feed Rate 
(gal(hrl 

3.39 
7.15 
7.30 
9.87 
4.61 

B-305 

Time at Rate 
(min) 

75 
163 

77 
136 
147 

Total Feed 
(gall 

4.24 
19.42 

9.37 
22.38 
11.29 

66.70 
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Run Time 

08:25-11:39 
11:39-13:14 
13:14-14:26 
14:26-16:50 

Table 3 - RUN 2 WASTE FEED DATA 

Feed Rate 
(~al/hr) 

8.95 
8.79 
OFFa 
6.16 

Time at Rate 
(min) 

134 
95 

144 

Total Feed 
(gal) 

19.99 
13.92 

48.69 

aThe glass melter circuit breaker tripped at approxi~tely 
11:17. Dropping temperatures and rising CO resulted in feed 
shut-off from 13:14 to 14:26. 

Run Time 

10:00-10:20 
10:20-11:22 
11:22-13:27 
13:27-15:31 
1-_5 _: 3.1 :1.§_;_!,1 

Run Time 

08:06-09:50 
09:50-10:50 
10:50-11: 50 
11:50-12:53 
12:53-13:53 
13:53-17:00 

Table 4 - RUN 3 WASTE FEED DATA 

Feed Rate 
(~al/hr) 

3.82 
7.91 
8.42 

11.47 
. __ l.2~..Q.7 

Table 5 - RUN 

Feed Rate 
(gal/hr) 

2.26 
2. 72 
3.81 
OF Fa 
6.41 
7.61 

Time at Rate 
(min) 

20 
62 

125 
124 

Total Feed 
(gal) 

··---~----7_0 ____ ---- -

1. 2.7 
8.:.7 

17. ::.:. 
23.70 

-~!..:7.8 . 

65.46 

4 WASTE FEED DATA 

Time at Rate Total Feed 
(min) I gal) 

104 3.92 
60 2. 72 
60 3.81 

60 6.41 
187 23.72 

40.58 

aThe circuit breaker tripped at 10:58 on this run. Waste 
feed and fans vere shut down for approximately 1 hr to 
allow glass to regain heat. Power was turned quite high for 
afternoon burning with no additional problem until just after 
run completion. 
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(Run No. 1) 
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Results 
Destruction and Removal Efficiencies 
DREs for principal o~~anic hazardous constituents (POHCs) ~:e calculated by 

means of the formula: 

where W(in) is equal to the waste flow rate times the POHC concentration 

and W(out) is equal to the emission gas flow rate times its POHC concen

tration. For these experiments 1 the POHC concentration in the feed 

remained constant for all runs at 9.726 g/L of feed. Since feed flow rates 

and exhaust gas flow rates were varied throughout the runs, the values used 

in these calculations represent the rates in use during the 40~min time 

span of each VOST run. In most cases conditions had been held constant 

well in advance of the start of the VOST run. Tables 6-9 l:st the DREs for 

runs 1-4 and include also the data collected to arrive at ~~e DREs. 

Stack Particulate 
Particulate matter i~ the stack exiting the offgas system •as measured by 

an EPA Method 5 train of standard configuration but using l N sodium 

hydroxide as the impinger solution. Method 5 sampling was conducted once 

on the first day of · ... ·aste burning, and in the morning and .=.::ernoon of the 

next three days. The sampling was coordinated generally •i~ one of the 

VOST sampling periods. From the sampling conducted during Run 1, offgas 

particle concentrati~n was determined to be: 

0.0164 grains/dry standard cubic feet (DSCF) 

RCRA regulations require that measured particle concentrations be corrected 

for the amount of oxygen in the stack gas according to the formula: 

P(corrected) - P(measured) [14/(21 - Y)] 
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Table 6 - RUN 1-MeCl DESTRUCTION AND REMOVAL EFFICIENCY DATA 

VOST Feed Volume Total MeCl In Gas Out MeCl Outa Total MeCl Out 
Samole (L/40 min) (microgram) (CF/4 min) (microgxam/CF) ~(microJ'Xam) 

l-Vl 18.047 175525120 9Ui2 0.0600 550.92 
! 
! 

l-V2 18.01•7 175525120 87~9 0.022'• 1 95. 31 

l-V3 18.142 176449090 86~5 0.1526 1320.75 
: 

l-V4 24.914 242313560 845:2 ------ ------
! 

l-V5 24.914 242313560 82~9 0.0994 819.95 

i 
i 

aPEI reported results. According to PEl,: a tenax trap was broken on sample 1- V4, 
making analysis meaningless. 

Table 7 - RUN 2-MeCl DEStRUCTION AND REMOVAL EFFICIENCY DATA 

VOST Feed Volume Total MeCl In Gas 
1
i0ut MeCl Outa Total MeCl Out 

Snmple (L/40 ml nl (microcrnm) (Cfl'•~ min) (nd ~rocrmn/C:El (m I c 1·ocrnmL 

2-Vl 22.574 219554720 831!6 0.0442 367.57 
·, 

2-V2 22.574 219554720 78815 0. 0892 703.34 

2- V3 22.384 217706780 778!o 0.0807 627.85 
' 

2-V4 22.172 215644870 76012 0.2523 1917.98 ! 

2-V5 15.542 151161490 60812 0.1034 628.88 

I 
! 

aPE! reported results, 

DRE 
% 

99.99968 

99. 999H'J 

99.99925 

--------

99.99966 

DRE 
__ % __ 

99.999!13 

99.99968 

99.99968 

99.99911 

99.99958 



Tnbl" 8 • RUN J-McCl IJESTI\UCTlON AND REMOVAL EFFICIENCY DATA 

VOST Feed Volume Total McCl In Gas Out MeCl Outa Total MeCl Out DRE 
Sample (L/40 min) (microgram) (CF/40 min) (microgram/CF) (microgram) __ % 

3-Vl 19.967 194199040 9699 0.1362 1321.00 99.99932 

3·V2 21.236 206541330 8734 0.0439 383.42 99.99980 

3-V3 21. 236 206541330 8048 0.0864 695.35 99.99966 

3-V4 28.928 281353 720 7159 0.0515 368.69 99.99986 

3-VS 31.972 310959670 8020 0.0476 381.75 99.99987 

aPEI reported results. 
IJj 
I 
w 
1-' 
w 

Table 9 - RUN 4-MeC1 DESTRUCTION AND REMOVAL EFFICIENCY DATA 

VOST Feed Volume Total MeC1 In Gas Out MeCl Outa Total MeC1 Out DRE 
Sample (L/40 min) (microgram) (CF/40 min) (microgram/CF) (microgram) _____1 

4-Vl 05.696 055399296 8283 0.3455 2861.78 99.99480 

4-V2 06.856 066681456 8017 0.3200 2565.44 99.99615 

4-V3 09.600 093369600 7770 0.2093 1626.26 99.99826 

4-V4 16.184 157405580 7480 0.0428 0320.14 99.99979 

4-V5 19.199 1867294 70 6953 0.0753 0523.56 99.99972 

N RPEI rrported rrauliH. , .... 



where Y is the concentration of ox:;gen in the stack gas. Using this correc~ 
tion, the corrected particle concen~ration becomes: 

0.13-= grains/DSCF 

Table 10 summarizes particle collec~ion data for each of the four runs. 

Chloride 
Stack chloride concentration was rr~~sured by means of the Method 5 train 
replacing the standard water irnpinger solution with a weak solution of 
sodium hydroxide. Chloride capturej by the impinger solution was rneasur~~ 
by ion chromatography. Chloride ~cs generated in t~e melter during these 
runs by breakdown of the methylene ohloride in the feed. The quantity of 
chloride presumed to enter the off~as system during the time period of 
Method 5 runs is given in Table 11. Stack gas concentrations were calcu
lated from analyses of the Method~ samples. Then scrub system removal 
factors were determined by compari~g concentrations of chloride going i~=~ 
the offgas system against those coming out in the scrubbed gases. These 

Table 10 - STACK PARTICLE DATA 

Measured Co~~entration Corrected Concentratic~ 
Method 5 Sample (grains. :;sen (grains /DSCF) 

lA 0.01638 0.1349 

2A 0.01036 0.1450 

2B 0.02427 0.4854 

3A 0.01995 0.1470 
3B 0.03558 0.0940 

4A 0.01826 infinite 
4B 0.01951 infinite 
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Table ll - CHLORIDE GENERATION AND R~J'!AL DATA 

MeCl !:,...::-ned Cl Generated Cl per Sample S:ack Cl Removal Eff 

Sample rea-,) (grams) (grams) -2:rams) % 

lA 169. 71 142.76 0.0002313 0.128 99.91 

2A 325.82 272.16 0.0003298 0.179 99.93 

2B 226.75 189.40 0.0001104 0.059 99.97 

3A 309.81 258.78 0.0002068 0.117 99.95 

3B 466.46 389.63 0.0002852 0.152 99.96 

4A 109.35 91.34 0.0000379 0.022 99.98 

4B 280.10 233.96 0. 0000737 0.042 99.98 

Continuous Emission Monitor Data 
co2 , CO, and ~Ox monitors were used to continually --~:yze the glass 

furnace flue gas. Concentration levels were recc~d~~ every 5 min. 

Periodically du~ing the runs, monitors were calib:-a~~~ with zero and span 

gas. Summary s::atements regarding the data colle-cte::. for individual runs 

are given below: 

Run 1: 

High amounts of excess air, resulting from the lc~ :~al content of this 

waste compositic-n, caused co2 , CO, and NOx values t::; :1ear the baseline 

to be significa:1t for most of this run. 

Run 2: 

NOx values remained at or near zero for the entire ~~. co2 concen

trations varied from 0 to 1.2%. CO values were genrrally at or near zero, 

but rose steeply on occasion. CO concentration is traphed as a function of 

time in Figure 6. 

Run 3: 

NOx, GO, and co2 values remained relatively constan• throughout the 

run, rising slightly with each increase in feed rata. CO varied from zero 
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to 23 ppm. co2 increased progessively from zero to a high of 10%. NOx 
reached a high of just 17 ppm. 

Run 4: 

Except for one sho=t blurp, NOx, CO, and co 2 values rer.ained close to 
zero for the entire run, reflecting the high excess air of the run. The 
blurp came just af~er the extraction system was washed •ith acetone and 
likely represents ·.·apors from residual acetone in the filter. 

Discussion 
Destruction and Removal Efficiencies 
A part of the purp=se of these experiments was to find :~~er limit con
ditions for glass =elter operation in hazardous waste b~rning by testing. 
From the standpoin::. of the VOST samples, failure was never reached, even 
when furnace chamb:r temperatures dropped to extremely :ow levels. DRE 
results (see Table 12 for summary) on all samples taken •ere well above the 
RCRA standard of 4 nines and, except for two samples, ~x2eeded 5 nines. 

·The grapi'i"s.Iri Figutes 7-10 show an overlay of chamber te:!!perature, feed 
rate, and DREs for all four runs. Relationships are not obvious. For 
example, in the fitst two VOST samples of Run 4, in whicn DREs were a 
factor of 10 below all other samples, furnace chamber te=peratures were 
relatively high aG~ the waste feed rate was low. Later en the run when 
chamber temperatui-es were much lower and the amounts of -..·ater and methylene 
chloride going into the furnace were higher, DREs were extremely high. 

Table 12 DRE RESULTS FOR BUILDING 27 WASTE PROCESSING 

Run 1 Run 2 Run 3 Run 4 
Sample 64H H20 82+% H20 44+% H20 99+% H20 

1 99.99968 99.99983 99.99932 99.99480 
2 99.99989 99.99968 99.99980 99.99615 
3 99.99925 99.99968 99.99966 99.99826 
4 -------- 99. 99911 99.99986 99.99979 
5 99.99966 99.99958 99.99987 99. 99972 
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Methylene chloride is not often chosen as a POHC because it tends to be 

everywhere and often contaminates equipment and traps. Trip and lab b:anks 

are used as a quality control =ec~anism to determine contamination poL:~

tial. PEl reported an average ·o:enk value of 0.46 = 0. 28 ng/L. These 

blank data were ignored in calc~:ating DRE results, although correctio=s 

based on the data would have impr:oved reported results. The presence cf 

methylene chloride on the blanks does indicate that traps, sampling 

equipment, and analytical equip~ent are subject to contamination. Th~~ 

could be a plausible explanation for two sample results that do not ap:=·ear 

consistent with the rest of the Cata. 

Continuous Emission Monitor Results 
The one indication of approachi~~ failure in terms of hazardous waste 

destruction during these exper~~ents came during Run 2 (see Figure 10)~ 

Furnace chamber temperatures d~o~?ed momentarily to their lowest poin~ 

(near 1300°F). At the same ti::.e, the continuous carbon monoxide analy=zr 

recorded a small, but real, pee~ of CO. Smaller, b~t measurable qua~~:~ies 

of CO showed up again later in t~e run as temperatures dropped into t~~ low 

1500s. Although oxidative combustion reaction stoichiometry demands some 

CO production, CO is an indica:o~ of the degree of i~complete cornbusti=~

As such, at high levels it may p=edict failing POHC destruction effico;~cy. 

The connection has not proved to be very reliable, however, so it is cc~ 

surprising that DREs remained :-.~~~-:: as CO became measurable, especially -,..·ith 

the very low quantities of CO present. 

Stack Particulate 
Table 10 summarizes stack partic~late concentration data. Actual part~cu

late catches were extremely small for all runs, as ~ould be expected for 

this feed material. The filters in the Method 5 train samples shoved 

virtually no evidence of particle loading, with specks of duct rust anc 

sampling equipment joint grease appearing to contribute most of the 

measured weights. After application of the stack gas oxygen content 

correction factor, however, all particle loadings exceeded the RCRA 

mandated 0.08 grains/DSCF. 
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The high corrected values are attribu~~ble to the high excess oxygen in the 
stack gas. As Y (measured stack oxyge~ concentration) in the correction 

formula 

P(corrected) - P(measured) [14/(21 · Y) J 

approaches 21% of atmospheric air, P(corrected) can quickly become very 
large. The correction factor was put into the RCRA incinerator regulations 

to ensure that operators did not add air downstream of an incinerator as a 

means of diluting stack effluents in order to meet standards. For a 
standard incinerator, even when burning low BTU waste, this is no problem. 

As waste heat content goes down, auxiliary burners fired by fossil fuel 
must be employed to maintain chamber temperatures. The co2 by-product of 
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the combustion of this fuel becomes a significan=. percentage of the offgas 

composition, and oxygen is, of course, rnaintaineC as low as practical for 

economic recsons. 

The glass furnace, on the other hand, uses no aQx:::ary fossil fuel in 

operation, and its flue gas contains only waste ~5:-adation products, 

steam, and excess air. Because of excessive sys-:-e:r. inleakage and an 

inability to adequately control fan speed, the =·~·=x of excess air used in 

these experiments is much higher than economical::.- desirable. However, air 

flow in excess of that required for combustion is essential to remove waste 

by-products from the chamber and to maintain neg~:::·."e pressures in the 

system. For most of the waste burned in these n1=-_s, waste by-products 

other than ~ater provided very little dilution to ~~e excess air, making Y 

very near to atmospheric air oxygen, the correcti~~ factor denominator very 

small, and P(corrected) unrealistically large. 

Chloride 
RCRA regulations require that an incinerator proC~cing more than four 

pounds of HCl per hour have an offgas treatment s:cs:em that removes at 

least 99% of the generated Cl. Table 11 details c~.loride generation and 

removal information for the melter and offgas scr~ system. The removal 

efficiency results show that the offgas system easily met the RCRA 

regulations for chloride removal during these r~c~. 

Process Energy Costs 
The focus of this section will be limited to the c~ergy cost of processing 

the seleGted waste compositions in the glass furnace. 

Table 13 summarizes data collected. Values are for the actual waste burn

ing period. They do not take into account any e~rgy required to maintain 

glass temperatures, should the furnace be used for less than around-the

clock operation. Costs other than those provided are expected to be of the 

same magnitude regardless of the incineration device selected, and as such 

are the subject of another study. 
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Table l3 - GLASS FURNACE WASTE PROCESSIXG ENERGY COSTS 

Test Run l 2 3 4 

Feed Type c B D A 

Water % 64+ 83+ 44+ 99+ 

Total Feed (gal) 66.70 48.69 65.46 40.58 

Duration of Rur. (min) 9:58 8:25 6. I 1 
-~~ 8:54 

Power Use (ki-.'H) 
Melter 897 814 335 904 
Off gas syste= 400 _llZ 2P --"'..!... 356 
TOTAL 1297 1151 6C2 1260 

Cost($)a 51.88 46.04 24.GS 50.40 

Energy Cost/;;a: 0.78 0.95 .:; . _; ~ 1. 24 

8 Based on MounCfs current cost for electricity: $0.C-"/kWH 

As discussed earlier, ~wo factors had a negative e:fect or. e~ergy use in 

these experimental burns. The first factor was the difficulty experienced 
with-tlie~power .. system-:--~71. sfgnFficant portion. of-tne--e-riergy--repoi:ted as --

powering the system was actually dissipated as hea~ in the transformers. 

The second factor was the inability to control air flow. Mc:ch more air was 

brought into the furnace and heated to chamber tem?erature -- at a large 

energy expense -- tha~ was required for oxidation of the or~~nic waste. 

Repairs to the electr~cal system and modification of the gas control system 

have since been made. Table 14 provides an energy balance and projections 

of furnace electrical requirements for processing the varia~ waste types 

based on current energy use and controlled oxygen levels. 

To simplify calculations, run conditions have been set as follows: 

28 

Feed rate - 5 galjhr 

Chamber temperature - Maintained at 1800'F 

Excess air - 100%. or total air flow of two times that required to 

burn the organic part of the waste 
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Table 14 - ENERGY BALANCE PROJECTIONS FOR BUILDING 27 WASTES 

Heat Removal from Furnace Heat Supply 

(BTU/hr) (BTU~hr) Electrical Rec1uirement 

Waste Tvoe Flue Gas (100% xs air) Cooling Water Skin Loss Waste Combustion (BTU/hr) a 

Waste C 152,338 147,436 20 '973 136,834 183 '913 

Run No. 1 
(64+% water) 

Waste B 120,301 147,436 20' 973 65,198 223,512 

Run No. 2 
(83+% water) 

Waste D 194,873 147,436 20' 973 215,555 11<1,727 

Run No. 3 
(44+% water) 

Waste A 80,309 147,436 20' 973 925 247,813 

Run No. 4 
(99+% water) 

Furnace Idle 
(No air flow) 147,436 20 '973 168,409 

alt should be noted that .the furnace refractory has passed its projected life by several years 

and is probably permitting significantly more heat loss to the cooling water and room than 

earlier in its life. 

bPower supply will have to be somewhat higher than the values listed, since losses 

(approximately 7%) will occur In til<• trnnnformern. 

(kW)b 

53.9 

65.5 

I, 3. 3 

72.6 

49.3 



The system for which energy balance data ~as collected is shown in Figure 
11. 

Table 15 provides a projection of the cos~ of :o:ocessing the Building 27 
waste stream if ~he waste contains 91% wa~er (an average calculated from 
reported analyses) and optimal air supply is provided (100% excess). Per 
year projections are based on a two-shift operation, five-day week, with 
allowances made for holidays. No allowances are made for maintenance 
shutdowns. A feed rate of 10 gal/hr ·· well within the capabilities of the 
existing furnace if operating properly ·· is assumed. 

Waste in 
1. 0 rganics 
2. w ater. 70°F 

Air in 
100% 
70"F 

excess. ----

Electr 
in 
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Heat loss Heat loss 
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Figure 11 · Glass furnace energy transfers. 
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Table 15 - COST PROJECTIONS FOR ACTUAL WASTE PROCESSING 

Feed Composition: Acetone 
Ethanol 
Methylene Chloride 
Water 

4.13% 
4. 14% 
0. 73% 

91.00% 

Feed Rate 10 gal/hr 

Energy Balance (per hour basis) 
Energy Out Off gas 198,509 BTU 

Skin 20' 973 BTU 
Cooling H20 147,436 BTU 

Energy In Combustion 67 389 BTU 

Required Electrical 299,529 BTU 

Electrical Energy Required (kW): 

Per Hour Per Year 

While Processing 
- Melter 87.79 3~8.351 

- Offgas 41.70 165,466 
While Idle (49.30) 236 246 

TOTAL 129.49 750,063 

Total Waste 
Feed (gal) 10 39,680 

Energy Cost per 
Gallon Waste (kW) 12.95 18.90 

Cost per 
Gallon Waste $0.518 $0.756 

Conclusions 
Waste Processing Capabilities 
The glass melter has been demonstrated in these experiments to e.ffectively 

destroy "difficult to incinerate" organics at efficiencies exceeding 

hazardous waste incinerator standards, even Yhen the waste form has 

extremely low heat value. 
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Despite reportable particle loadings that exceed standards, act·~l particu~ 

late catch and chloride removal efficiencies demonstrate that t~e offgas 

system is adequately clea~~ng the incinerator flue gas. High e::iciency 

?articulate absorption (~::::?A) filtration, which :.::ikes place C.:·--:-.stream of 

the sampling points, vir-=:·...:.ally eliminates partic:e emissions. ~EPA filter 

efficiency is rated at 99.97% for the most difficult particles ~J cap-

ture -- 0.3 micron.) Pla~~ed system changes will result in i=;~~ved gas 

throughput control, impro~:ed scrubbing, and, in r:ost cases, re:?::::-table 

particulate concentrations well within standard limits. 

Suitability of Process for Aqueous Solvent Wastes 
The glass furnace appears to be technically well suited for pcocassing the 

waste under study. Waste :eeding presents no ap?~rent proble=s. The 

furnace has been shown ca~ able of destroying the organic port:o:-. of the 

waste at the required eff:ciency regardless of the waste water content. 

Demonstrated feed rates a~e more than adequate to handle the ~~2~tities of 

waste be-ing---generated. 

The .lllil_j_(l_r. _o}>~t:_a..s:l!'.. ~~-!1--"lo.u; t:_he _ _g!.f'_~,; __ meli;;;_r _ __fo.r._!;b.iJ>_liQJ:k "'-QlJJC: appear.J:o 

be the lack of any econom:c justification. The data collected (·.-ith the 

furnace working improperly) indicate that the system could procEss waste as 

now generated at a rate of 70-80 gal per 8-hr shift. Disposal of this 

quantity of material offs::e is presently costing $190-$290. r~a energy 

cost of processing it in ~~e glass melter should be less than$~). The 

other significant cost factor, however, that of labor to operat~ the 

system, would probably el:~inate much of the economic advantage. 

Table 16 uses data provided earlier, relative to energy costs for glass 

melter processing of waste, to outline a comparison of that disp-osal method 

versus continuation of the present practice of offsite shipment for dis

posal. Present generation rates are assumed. The projected 240 drums of 

waste produced annually would require a two-thirds year campaign if burning 

was limited to a five-day-per-week, single-shift operation. ·rt is assumed 

that the furnace would be shut down for the remainder of the year. In

cineration by means of the glass rnelter is considered to be a one-man 
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Table 16 - ANNUAL OPERATING COST ANALYSIS 

C\ n· rent P r .1 ~ 0t.Jiuc,;:. et:·---------
Glass Melter Treatment 

Offsite disposal 2/IIJ U[UIIIS /1 l $ 2()1) Cll 

Electric 

Labor 

Other 

TOTALS 

8 Assumed to be negligible. 

$1,8' ()00 

c 

$48,000 

1,320 op hrs (129.5 kWH) 
4,512 idle hrs (49.3 kWH) 

one man-yearb 

bAnnual generation actually requires two-thirds manyear ($27,000) operator effort. 

cAssumed to be similar for both cases. 

" 
$6,840 
$8,900 

$40,000 

c 

$55,800 



operation. For estimating purposes, operator labor costs are set at 
$40,000 per year. 

Factors yec ~o be considered and balanced for a ::=?lete evaluation 
include: 

1. Capital and maintenance costs of onsite equip~ent. 

2. The consideration of rising offsite disposal costs compared to rising 
electrical costs. 

3. The cost of compliance permits and onsite liability concerns compared 
to sharing liability with second parties offsO.~e. 

Reference 
l. Mulholland, J. A., "The Role of Droplet Corr:bus;:ion in Hazardous Waste 

Ir.ciner-afion,--.i- Land Disposal, Remedial Accio::. Incineration and 

Treatment of Hazardous Waste - Proceedings of :he Twelfth Annual 
~ ~ R esea~ch-Sympesci,um ,-~ --U~-s ,~ ~EPAf600 /9/86/02c2-;--·?.ugus<:~-i98~6-.-~~ 
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APPENDIX C 

REGULARLY TREATED WASTE TYPES AT THE 
U.S. DEPARTMENT OF ENERGY MOUND PLANT 





Table C-1 

Waste Types to be Treated at the EG&G Facility 

Analytical 

Waste Name EPA Sp. Wt. % Method He 

(EG&G No.) !0 No. Physical State Btu/1 b (lb/gal) Components Range SW 646 No. (Kcal/g) 

Hazardous 
lliill 

Solvent 28 0001 Clear Liquid 5,470 6-ll Methylene Chloride 20-40 8010, 8240 l. 70 

( MTO 27) F002 Isopropanol 20-90 
F003 Acetone 5-20 

Ethanol 0-5 
Methanol 0-5 
Oiacetone Alcohol 0-5 

B-Solvent 0001 Clear Liquid 5,400- 6-13 Methanol 0-40 

(l (MTO 29) F002 10,200 Ethanol 0-40 

I F003 Isopropanol 0-40 
,.... F005 Trichloroethylene 0-40 ., 8010, 8240 l. 74 

Water 5-20 
Acetone 0-20 
Methylene Chloride 0-15 8010, 8240 l. 70 
1, 1, 1-Trichloroethane 0-40 . 8010, 8240 1.99 
Toluene 0-40 8020, 8240 10. 14 
Trichlorotrifluoroethane 0-40 
Hexane 0-10 
Heptane 0-10 

E-Solvent 0001 Clear Liquid 3,500- 8.06 I sop rop.;:tno 1 0-45 
FOOl 6,065 Trichlorofluoroethane 0-45 
F002 Methylene Chloride 10-30 8010, 8240 l. 70 

Water 20-80 
Ethanol 0-10 

OS-Solvent 0001 Liquid 7,000 7-9 I sop ropano 1 0-50 
(MTO 28) FOOl l, 1, 1-Trichloroethane 0-40 8010, 8240 l. 99 

F002 Trichlorotrifluoroethane 0-20 
F005 Trichloroethylene 0-20 8010, 8240 l. 74 

Acetone 0-20 
Toluene 0-30 8020, 8240 10.14 
Ethanol 0-75 
1,4-Dioxane 0-10 8015, 8240 
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Waste Name EPA 
(EG&G No.) !0 No. Physical State Btu/lb 

Waste Acetone 0001 Clear liquid 11,600 
(MTO 19) F003 

Waste Alcohol 0001 Clear liquid 8,100 
(MTO 30) F003 

!-Solvent 0001 Clear liquid 9,884 
(MTO 107) FOOl 

F002 

n 
I Blankrola 0001 Reddish-brown 16,820 "' Solvent FOOl 1 iqui d 

(M 48) 

Carbon Disulfide F005 Yellow liquid 
(MTO 18) 

Trichloroethane F002 Liquid 
(MTO 26) 

Tetrachloroethane FOOl Liquid 
(MT061) 

Organic Solvent 0001 L1 quid 3,680 
(MTO 86) FOOl 

F002 

Organic Solvent 0001 Liquid 6,690 
(MTO 109) F002 (two-phase) 

0173L 

Table C-1 
(continued} 

Sp. w~. 
(lb/gal l Components 

6-7 Acetone 
Wat¢r 
Methyl Ethyl Ketone 
Ethanol 
Cyd ohexanone 

5-10 ! Me thana 1 
Ethanol 
I so.propano 1 
Water 
Cyd ohexanone 

7-10 l, 1!, 1-Tri ch 1 a roe thane 
TriChlorotrifluoroethane 
Methylene Chloride 
Isopropanol 

7-9 i Petroleum Naphtha 
i T et,rach 1 oroethy 1 ene 

10.8 ! Carbon Disulfide 

10-12 1,1·,1-Trichloroethane 
Water 

10-1 Tetrachloroethane 
Water 

8-9 Methylene Chloride 
Mineral Spirits, Oil 
l,li,l-Trichloroethane 
Tet!rach 1 oroethane 
Water 

7-9 Isopropanol 
1, 1,1-Trichloroethane 
1, 1,2-Trichloroethane 
Water 

Analytical 
% Method He 

Range SW 846 No. (Kcal/g) 

75-100 
0-10 
0-10 8015, 8240 
0-10 
0-5 

5-50 
5-50 
5-50 
0-40 
0-5 

0-70 8010, 8240 1. 99 
0-70 
0-60 8010, 8240 1. 70 
0-35 

75-80 
0-35 8010, 8240 1.19 

100 8015, 8240 

70-100 8010, 8240 1. 99 
0-30 

90-100 8010, 8240 
0-10 

0-20 8010, 8240 1. 70 
10-20 
0-10 8010, 8240 1.99 
0-5 8010, 8240 
0-60 

0-50 
0-10 8010, 8240 
0-10 8010, 8240 
0-60 



latiae C-1 
(continued) 

Analytical 

Waste Name EPA Sp. Wt. % Method He 

(EG&G No.) ID No. Phys i ca 1 State Btu/1 b (lb/gal) Components Range SW 846 No. (Kcal/g) 

Trichloroethylene F002 Liquid 12-13 Trichloroethylene 70-100 8010, 8240 1. 74 
(MTO 33) WJ.ter 0-30 

Paint Waste 0001 Liquid 8,000- 5-10 Acetone 0-20 
(M-93) FOOl (Multi phase) 12,000 Toluene 0-20 8020, 8024 10. 14 

F002 Ethanol 0-15 
F003 1, 1, 1-Trichloroethane 0-10 8010' 8240 1.99 
F005 Tetrachloroethylene 0-10 8010, 8240 1.19 

Chlorobenzene 0-10 8020, 8024 6.60 
Mi nera 1 Spirits 0-20 
Water 0-40 
Methyl Isobutyl Ketone 0-20 
Isopropanol 0-10 
Heptane 0-10 
Xylene 0-5 8020, 8240 

() 
Tri chl orotri- F002 Liquid 10-15 Trichlorotrifluoroethane 60-100 

I fluoroethane Water 0-40 
w (MTO 60) 

27 Solvent 0001 Liquid 1,000- 6-11 Acetone 0-100 
(M 134) F002 6,000 Ethanol 0-100 

F003 Ace toni tril e 0-100 8030, 8240 7.37 
F005 Tetrahydrofuran 0-100 

Methylene Chloride 0-50 8010, 8240 1. 70 • Dimethylsulfoxide 0-25 
Toluene 0-15 8020, 8024 10. 14 
Diacetone alcohol 0-5 
Butylrolacetone 0-5 
Water 0-100 

Wastewater F002 Liquid 9,000- Hydrocarbon Oil 50-98 
Coolant 18,000 Trichlorotrifluoroethane 2-15 

Water 0-48 

R2diQactive Mixed Wastes 

Scintillation 0001 Gel or Clear Pseudocumene Solvents 20-60 
Vials-Type 1 Liquid Surfactants 0-50 

(M 136) Water 0-60 



Waste Name EPA 
(EG&G No.) ID No. Physical State Btu/lb 

Scintillation 0001 Gel or Clear 
Vials-Type 2 F003 Liquid 

(M 137) 

Sci nt illation 0001 Gel or Clear 
Vials-Type 3 Liquid 

(H 138) 

Waste Oils Liquids (1 or 1,000-
(in drums) more phases) 20,000 

Mixed Waste 0001 liquids (1 or 1,000-
Solvents FOOl more phases) 16,000 
{in drums) F002 

F003 
F005 

() 
I ... 
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Table C-1 
(continued) 

Sp. Wt. 
(lb/gall Components 

Xylene 
Water 
Alkylpolyethoxyethanol 
Arjlhydrocarbons 

1.4-Dioxane 
NaPhthalene 
Water 
2,5-0iphenyloxazole 

7-11 i Oi 1 s 
Water 
Other Organics 

(see Table A-2) 

6-12 Water 
Solvents 

(see Table A-2) 

Analytical 
% Method He 

Range SW 646 No. (Kcal/g) 

25-70 8020, 8240 
0-60 
0-30 
0-30 

40-95 
2-15 8100, 8250 9.62 
0-60 
0-1 

0-100 
0-99 
0-20 

0-100 
0-100 



Table C-2 

RCRA Appendix VIII Components That Could Be Present 
in Waste Feed Streams 

Compound 

Trichloromonofluoromethane 
Carbon Tetrachloride 
Chloroform 
Tetrachloroethylene 
Tetrachloroethane 
Methylene Chloride 
Trichloroethylene 
Trichloroethane 
Trichlorophenol 
Dichloroethylene 
Dichloroethane 
Carbon Disulfide 
Maleic Anhydride 
Trichlorobenzene 
Dichlorobenzene 
Nitrophenol 
Nitropropane 
Nitrobenzene 
1,4-Dioxane 
Chlorobenzene 
Benzyl Chloride 
Acetonitrile 
Phenol 
Acrylonitrile 
Methyl Ethyl Ketone 
Cresols 
Pyridine 
Isobutyl Alcohol 
Naphthalene 
Benzene 
Toluene 
Xylene 

Ol73L 

Heat of Combustion (Kcal/g) 

C-5 

0.11 
0.24 
0.75 
1.19 
l. 39 
1.70 
1.74 
1.99 
2.23 
2.70 
3.00 
3.24 
3.39 
3.40 
4.57 
4.88 
5.37 
5.50 
6.41 
6.60 
7.00 
7.37 
7.68 
7.93 
8.07 
8.18 
8.32 
8.62 
9.62 

10.03 
10.14 
10.27 



Table C-3 

RCRA Appendix VIII Metals That Could Be Present 
in Waste Feed Streams 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 

Mercury 
Nickel 
Osmium 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Table C-4 

Radionuclides That Could be Present in Waste 
Feed Streams 

Arnericium-241 
Cobalt-GO 
Cesium-137 
Hydrogen-3 
Plutonium-238 
Plutonium-239 
Plutonium-240 

0173L 

C-6 

Plutonium-241 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-235 
Uranium-238 
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APPENDIX D 

DETERMINATION OF METALS REGULATIONS 





(Tabs and Tables referenced in this Appendix are from "Guidance 
on Metals and Hydrogen Chloride Controls for Hazardous Waste 
Incinerators", Draft Final Report, September 1988.) 

Tab A 

Data Gathering: Terrain Analysis, and Applicabi I ity 
of Screening Tables 

Step l -

Step 2 -

Step 3 -

Step 4 -

Site Data are provided on Table 4.4 The site 
location is shown in the U.S. Geological Survey 
7.5 minute Topographic map (Figure D-1). 

The terrain rise within 5 km is greater than 17.3 
m (effective stack height). Therefore terrain is 
considered complex. 

Site is assumed to be in an urban setting, which 
is more restrictive. 

Applicability of screening 

Facility is not located in a narrow valley <l km 
wide. 

Stack height is less than 20 meters (65.6 ft). 

Ratio of the nearest tall building height to the 
stack height (74 ft/48 ft) = 1.54, distance from 
the stack to the building divided by building 
height is (1,063 ft/74 ft) = 14.3, and distance 
from stack to the building divided by maximum 
projected width (1063 ft/183 ft) = 5.8, 
therefore, there are no down wash problems. 

D-1 
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Tab B 

Determine Feed Rates or Emission Limits (Tier I and Tier II) 

Step l - Only one hazardous waste incinerator on-site. 

Step 2 - a. Determine plume rise value from Table B-1. 

Flow Rate 14,000 acfm (3.281 ft)3 = 396 m3/min. 
= 6.6 m3/sec. 

Temperature (70°F) = 20°C 

20°C + 273 = 293°K 

From Table B-1, plume rise= 3 m 

b. Effective Stack Ht = (47 ft/3.281) + 3 m 
= 17.3 m 

c. Terrain Rise within 5 km = 179 ft 

179 ft/3.281 = 54.6 m 

Terrain Adjust Stack Ht = 17.3-54.6 m 
= -37.4 

Since this is a negative number, Terrain Adjusted Effective 
Stack Height of 4 m is assumed. 

Step 3a - Determine TIER I Limitations 
(Based on 70 lb/hr feed rate) 

Noncarcinogens - Table B-3 Metals (Complex Terrain) 

0173L 

Antimony 0.03 lb/hr = 429 ppm 
Barium 5.0 lb/hr = 71,429 ppm 
Lead 0.009 lb/hr = 129 ppm 
Mercury 0.2 lb/hr = 2,857 ppm 
Silver 0.3 lb/hr = 4,286 ppm 
Thallium 0.03 lb/hr = 429 ppm 

Table B-10 HCl 

Chlorine .26 lb/hr = 0.37% 

Carcinogens - Table B-5 Metals (Complex Terrain) 

Arsenic 
Cadmium 
Chromium 
Beryllium 

0.0002 lb/hr 
0.0006 ·lb/hr 
0.00009 lb/hr 
0.004 lb/hr 

D-3 

2.9 
8.6 
1.3 

57.1 

ppm 
ppm 
ppm 
ppm 



·~ 

Step 3b - Determine TIER II Stack Limitations for all 
metals exceeding 1,000 ppm 

Noncarcinogens - Table B-7 Metals (Complex Terrain) 

Antimony 
Lead 
Thallium 

0.004 gm/sec 
0.001 gm/sec 
0.004 gm/sec 

Table B-11 HCl Emissions 

HCl = 0.033 gm/sec 

= 
= 
= 

0.032 lb/hr 
0.008 lb/hr 
0.032 lb/hr 

= 0.26 lb/hr 

Carcinogens - Table B-9 Metals (Complex Terrain) 

Arsenic 
Cadmium 
Chromium 
Beryllium 

0.00003 
0.00007 
0.00001 
0.0005 

gm/sec 
gm/sec 
gm/sec 
gm/sec 

= 
= 
= 
= 

0.0002 
0.00056 
0.00008 
0.0004 

lb/hr 
lb/hr 
lb/hr 
lb/hr 

Using conservative collection efficiencies for high AP 
scrubber = 60 in wg 

---------:Ars-eni.-c-Remova-1-n-g...~----------

Cadmiurn Removal 97% 
Chromium Removal 98% 

_____ ___ Ber_y~1ium....R.emoY_a1_9_8.Jo ______________ _ 

Using the estimated removal efficiencies 
( 1 ) 

Arsenic (0 . 0002 lb/hr) (1-.97) = 0.0067 lb/hr = 
( "1 ) 

Cadmium (0.00056 lb/hr) (1-. 97) = 0.0187 lb/hr = 
( 1 ) 

Chromium (0.00008 lb/hr)(1-.98)= 0.004 lb/hr = 
( 1 ) 

Beryllium (0.0004 lb/hr) ( 1- .98)= 0.02 lb/hr = 

95 

266 

57 

285 

Since multiple carcinogens will be div ided by all 4 

Arsenic ~(0.0067 lb/hr) (1/4) = 0.0017 lb/hr = 24 
Cadmium =(0.0187 lb/hr) (1/4) = 0.0047 lb/hr = 67 
Chromium =(0.004 lb/hr) (1/4) = 0 . 001 lb/hr = 14 
Beryllium =(0.02 lb/hr) (1/4) = 0.005 lb/hr = 71 

D-4 
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Appendix E 

Analytical Methods for Liquid, 
Sludge, and Solid Samples 

Method 5030 

SW 846 Method 8240 

. ASTM Method D129 

EPA Method 325.2 

ASTM Method D240 

ASTM Method 02216-80 

EPA Method 209.0 

sw 846 EPA Methods 3010/3020 

sw 846 EPA Method 3050 

SW 846 EPA Method 6010 

SW 846 EPA Method 7000 Series 

sw 846 EPA Method 1310 

EPA Method 209C 

EPA Method 423 

EPA Method 300.0 
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PURGE AND TRAP 

SW 846 METHOD 5030 





1.0 SCOPE AND APPliCATION 

METHOD 5030 

PIJRGE-AND-TAAP 

1.1 Thh method describes sample preparation and extraction for the 
analysis of volatile organics by a purge-and-trap procedure. The gas 
chromatographic determinative steps are found In Methods 8010, 8015, 8020, and 
8030. Although applicable to Method 8240, the purge-and-trap procedure Is 
already Incorporated 1nto Method 8240. 

1.2 Method 5030 can be used for most volatile organic compounds that 
have bo111ng points below 2oo•c (vapor pressure Is approximately equal to 
m Hg Iii zs•c) and are Insoluble or slightly soluble In water. Vohtlle water
soluble compm::1ds can be Included In thh analytical technique; however, 
quant.itation limits (by GC or GC/MS) are approximately ten times higher 
because of poor p<~rglng efficiency. The method 1s also 11m1ted to compounds 
that elute as sharp peaks from a GC .column packed with graphitized carbon 
lightly coated with a carbowax. Such compounds Include low-molecular-weight 
halogenated hydrocarbons, aromatics, ketones, nltr11es, acetates, acrylates, 
ethers, and sulfides. 

1.3 Mater samples can be analyzed directly for volatile organic 
compounds by purge-and-trap extraction and gas chromatography. HigheT 
concentrations of these analyte$ in .water can be determined by dlre~t 
Injection of the sample Into the chromatographic system. · 

1.4 This method also describes the preparation of water-miscible 
liquids, solids, wastes, and soil/sediments for analysis by the purge-and-trap 
procedure. 

2.0 SUMMARY OF METHOD 

2.1 Th~urge-and-trap process: An inert gas Is bubbled through the 
solution atlent temperature, and the volatile components are efficiently 
transferred froa the aqueous phase to the vapor phase. The vapor Is swept 
through a sorbent column where the volatile components are adsorbed. After 
purging Is completed, the sorbent column Is heated and backflushed with Inert 
gas to desorb the components onto a gas chromatographic column, 

2.2 If the above sample Introduction technfques are not applicable, a 
portion of the sample Is dispersed 1n methanol to dissolve the volatile 
organic constituents. A portion of the methano11c solution is combined with 
water in a specially designed purging chamber. It Is then analyzed by purge
and-trap GC following the normal water method. 
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3.0 INTERFERENCES 

3.1 Impurftfes In the purge gas and fro. organic compounds out-gassing 
from the plumbing ahead of the trap account for the majority of contamination 
problems. The analytical system must be demonstrated to be free from contamf 
nation under the conditions of the analysis by running laboratory reagent 
blanks. The use of non-TFE plastic coating, non-TFE thread sealants, or flow 
controllers with rubber components fn the purging device should be avoided. 3.2 Samples can be contaminated by diffusion of volatile organics 
(particularly methylene chloride and fluorocarbons) through the septum seal of 
the sample vial during shipment and storage. A field reagent blank prepared 
from reagent water and carried through sampling and handling protocols serves 
as a check on such contamination. 

3.3 Contamination by carryover can occur whenever high-level and low
level sample~. are analyzed sequentially. Whenever an unusually concentrated 
sample 1s analyzed, It should be followed by an analysts of reagent water to 
check for cross-contamination. The trap and other parts of the system are 
subject to contaml nation; therefore, ·.frequent bake-out and purgl ng of the 
entire system may be required. 

3.4 The laboratory where volatile analysts Is performed should be 
completely free of solvents. 

4.0 APPARATUS AND MATERIALS 
4.1 Hlcros*rln~es: 10-ul, 25-ul, 100-ul, 250-ul, 500-ul, and 1,000 ul: 

These syringes (ouL be equipped with a 20-gauge (0.006-fn I.D.) needle 
having a length sufficient to extend from the sa.ple Inlet to within 1 em of 
the glass frft In the purging device. The needle length will depend upon the 
dimensions of the purging device employed •.. - --- - -----~--- ~"------··---. -- 4.2 Srln9e valve: Two-way, with Luer ends (three each), 1f applicable 
to the purg ngevtce. 

4.3 Syringe: 5-ml, gas-tight with shutoff valve. 
4.4 Balance: Analytical, capable of accurately weighing 0.0001 g, and a 

top-loading balance capable of weighing 0.1 g. 
4.5 Glass scintillation vials: 20-ml, with screw-caps and Teflon liners 

or glass culture tubes with a screw-cap and Teflon liner. 
4.6 Volumetric flasks: 10-ml and. 100-ml, class A w1th ground-glass 

stoppers. 

4.7 Y!!l!: 2-ml, for GC autosampler. 
4.8 Spatula: Stainless steel. 
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4.9 Disposable pipets: Pasteur. 

4.10 Purge-and-trap device: The purge-and-trap device conststs of three 
separate pieces of equipment: the sample purger, the trap, and the desorber. 
Several complete devices are commercially available. · 

4.10.1 The recommended purging chamber ts designed to accept 5-•L 
samples with a water column at least 3 cB deep. The gaseous headspace 
between the water column and the trap must have a total volume of less 
than 15 ml. The purge gas must pass through the water column as finely 
divided bubbles wlth a diameter of less than 3-mB at the or1g1n. The 
purge gas must be Introduced no more than 5 mm from the base of the water 
column. The sample purger, Illustrated In Figure 1, meets these design 
crlterla. Alternate sample purge devices Bay be used, provided 
equivalent performance is demonstrated. 

4.10,2 The trap must be at least 25 CB long and have an Inside 
diameter of at least 0.105 1n. Starting froB the Inlet, the trap must 
contain the following amounts of adsorbents: 1/3 of 2,6-dfphenylene 
oxide polymer, 1/3 of s111ca gel, and 1/3 ·of coconut charcoal. It Is 
recommended that 1.0 em of methyl silicone-coated packing be Inserted at 
the Inlet to extend the life of the trap (see Ftgures 2 and 3). If It fs 
not necessary to analyze for dlchlorodifluoromethane or other fluoro
carbons of s1m11ar volatility, the charcoal can be eliminated and the 
polymer increased to fill 2/3 of the trap. If only compounds bo111ng 
above 35•c are to be analyzed, both the silica gel and charcoal can be 
eliminated and the polymer Increased to fl11 the entire trap. Beforie 
Initial use, the trap should be· conditioned overnight at tso•c ~ 
backflushlng with an Inert gas flow of at least 20 ll/afn. Vent the trap 
effluent to the hood, not to the analytical column. -Prior to dally use, 
the trap should be conditioned for 10 aln at 180"C with backflushlng. 
The trap may be vented to the analytical column durfng datly 
conditioning: however, the co1wan must be run through t~e temperature 
program prior to analysis of samples. 

4.10.3 The desorber should be capable of rapidly heating the trap 
to 1ao•c for desorption. The polymer section of the trap should not be 
heated higher than 180"C, and the remaining sections should not exceed 
220"C during bake-out mode. The desorber design illustrated 1n Figures 2 
and 3 meet these criteria. 

4.10.4 The purge-and-trap device may be assembled as a separate 
unit or may be coupled to a gas chromatograph, as shown fn Figures 4 and 
5. 

4.10.5 Trap Packing Materials 

4.10.5.1 2,6-Dlphenylene oxide polymer: 
chromatographic grade (Tenax GC or equivalent). 

60/80 Besh, 

4.10.5.2 Methyl s11fcone packing: OV-1 (31) on Chromosorb-W, 
60/80 mesh or equivalent. 
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FigUre 1. Purging Chamber. 
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Figure 2. Trap j)ICI(ings and construction for Method 8010. 
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Figure 3. Tr~p packing and construction for Methods8020 and 8030. 
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4.10.5.3 Silica gel: equivalent. 35/60 mesh, Davison, grade 15 or 
4.10.5.4 Coconut charcoal: Prepare from Barnebey Cheney, 

CA~580-26 lot fM-2649, by crushing through 26 mesh screen. 4.11 Heater or heated o11 bath: Should be capable of malntalnlng the 
purging chamber to wlthtn l'C over a temperature range from ambient to too•c. 
5.0 REAGENTS 

5.1 Reagent water: Reagent water 1s defined as water In which an 
lnterferent is not observed at the method detection limit of the compounds of 
Interest. 

5.1.1 Reagent water may be generated by passing trap water through 
a carbon fHte,.. bed conta1n1ng about 500 g of activated carbon (Calgon 
Corp., Flltraso~-300 or equivalent). 

5.1.2 A water pur1f1cat1on sy;tem (H111lpore Super-Q or equivalent) 
may be used to generate reagent water. 

5.1.3 Reagent water may also be prepared by bo111ng water for 15 
min. Subsequently, wh11e maintaining the water temperature at 9o•c, ~ 
bubble a contaminant-free inert gas through the water for 1 hr. Wh11.e 
still hot, transfer the water to a narrow-mouth screw-cap bottle and seal 
with a Teflon-lined septum and cap. 

' 5.2 Methanol: Pesticide quality or equivalent. Store away from other 
sohents. 

6.0 SAMPlE COllECTION, PRESERVATION, AND HANDLING 6.1 Refer to the introductory material to th1s chapter, Organic 
Analytes, Section 4.1. 

1.0 PROCEDURE 
7.1 In1t1a1 calibration: Prior to using this Introduction technique for 

any GC methOd, the system must be calibrated. General calibration procedures 
are discussed in Method 8000, Section 7.4, wh11e the specific determinative 
methods and Method 3500 give details on preparation of standards. 7.1.1 Assemble a purge-and-trap uev1ce that meets the speclftcat1on 

tn Section 4.10. Condft1on the trap overnight at 1so•c in the purge mode 
wtth an inert ~as flow of at least 20 ml/mln. Prior to use, cond1t1on 
the trap da11y for 10 min wh11e backf1ush1ng at tso•c ~1th the column at 
no•c. 
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7.1.2 Connect the purge-and-trap device to a gas chromatograph. 
7.1.3 Prepare the final solutions containing the required concentrations of calibration standards, Including surrogate standards, directly In the purging device. Add 5.0 ml of reagent water to the purging device. The reagent water Is added to the purging device using a 5-mL glass syringe fitted with a 15-cm 20-gauge needle. The needle Is Inserted through the sample Inlet shown In Figure 1. The Internal diameter of the 14-gauge needle that forms the sample Inlet will permit Insertion of the 20-gauge needle. Next, using a 10-ul or 25-ul microsyringe equipped with a long needle (Paragraph 4.1), take a volume of the secondary dilution solution containing appropriate concentrations of the calibration standards. Add the aliquot of calibration solution directly to the reagent water In the purging device by Inserting the needle through the sample Inlet. When discharging the contents of the microsyringe, be sure that the end of the syringe needle Is well beneath the surfac~. of the reagent water. Similarly, add 10 ul of the Internal standard solution. Close the 2-way syringe valve at the sample Inlet. 

7.1.4 Carry out the purge~ahd-trap analysts procedure using the specific conditions given In Table 1. 
7.1.5 Calculate response factors or calibration factors for each analyte of Interest using the procedure described In Method 8000, Section 7.4. 

7.1.6 The average RF must .be calculated for each compound.i A system performance check should be made before this calibration curve Is used. If the purge-and-trap procedure fs used with Method 8010, the followfngflve compo!Jnds are ched:ed for a mfnlmwa average response factor: · chloromethane; 1,1-dlchloroethane; bromofol"'l; 1,1,2,2-tetrachloroethane; and chlorobenzene. The minimum acceptable average RF for these compounds should be 0.300 (0.250 for bromofo~)_._ Tl)~se _C.O!I1lOUOds typically have RFs of-0;4•il;6--and---areuse<l to-CIIeck c~und 1 ns tab I 1 fty and check for degradation caused by contaminated lines or active sites In the system. Examples of these occurrences are: 
7.1.6.1 Chloromethane: This compound fs the most likely compound to be lost if the purge flow fs too fast. 
7.1.6.2 Bromoform: This compound fs one of the compounds most likely to be purged very poorly If the purge flow fs too slow. Cold spots and/or active sHes fn the transfer lfnes may adversely affect response. 

7.1.6.3 Tetrachloroethane ·and 1,1-dlchloroethane: These compounds are degraded by contaminated transfer tines fn purge-andtrap systems and/or active sites In trapping materials. 
7.2 On-golny calibration: Refer to Method 8000, Sections 7.4.2.3 and 7.4.3.4 for detal son continuing calibration. 
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TABlE l. PURGE·AND·TRAP OPERATING PARAMETERS 

Analysh Method 
8010 8015 8020 8030 

Purge gas Nitrogen or Nitrogen or Nitrogen or Nitrogen or Helium He 11 Ulll He11ulll He Hum 
Purge gas flow rate 

(ml/ml n) 40 20 40 20 
Purge time (min) n.o! 0.1 15.0 ! 0.1 12.0! 0.1 15.0! 0.1 
Purge temperature (•c) Ambient 85! 2 Ambient 85 ! 2 
Desorb temperature (•c) 180 180 180 180 
Backflush Inert gas flow (mL/m1n) 20-60 20-60 20-60 20-60 
Desorb time (min) 4 1.5 4 1.5 

::-
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7.3 Sarr9le preparation; 
7.3.1 Vater samples; 

7.3.1.1 Screening of the sample prior to purge-and-trar analysts wfll provide guidance on whether sample dilution I, necessary and will prevent contamination of the purge-and-trap syste1. Two screening techniques that can be utilized are: the use of an automated headspace sampler (modified Method 3810), Interfaced to a· gas chromatograph (GC), equipped wfth a photo Ionization detector (PID), In series with an electrolytic conductivity detector (ECD): and extraction of the sample wfth hexadecane (Method 3820) and analysts of the extract on a GC with a FID and/or an ECD. 
7.3.1.2 All samples and-standard solutions must be allowed to warm to ambient temperature before analysts. 
7.3.1.3 Assemble the purge-and-trap device. The operating conditions for the GC are given fn Section 7.0 of the specific determinative method to be employed. 
7.3.1.4 Daily GC calibration criteria must be met (Method 8000, Section 7.4} before analyzing samples. 
7.3.1.5 Adjust the purge gas flow rate (nitrogen or hellum~to that shown fn Table 1, on the purge-and-trap device. Optimize the flow rate to provide the- best response for chloromethane and bromofor., If these compounds are analytes. Excessive flow rate reduces chloromethane response, whereas Insufficient flow reduces bromoform response. 

7.3.1.6 Remove the plunger from a 5-ll syringe and attach a closed syringe valve. Open the sample or standard~Ulll, wbtch .has _J)~eiullowed-to-eomet-o- ambf-ent·te-mperature-;·ana-carefully pour the sample fnto the syringe barrel to just short of overflowing. Replace the syringe plunger and compress the sample. Open the syringe valve and vent any residual· afr while adjusting the sample voluae to 5.0 ml. Thfs process of taking an aliquot destroys the valfdfty of the lfquld sample for future analysts: therefore, If there Is only one VOA vial, the analyst should fill a second syringe at this time to protect against possible loss of sample Integrity. This second sample is ~lntafned only untfl such time when the analyst has determined that the first sample has been analyzed properly. Filling one 20-ml syringe would allow the use of only one syringe. If a second analysis Is needed f~ a syringe, It must be analyzed wfthfn 24 hr. Care must be taken to prevent air from leaking Into the syringe. 
7.3.1.7 The following procedure fs appropriate for diluting purgeable samples. All steps must be performed without delays untfl the diluted sample Is In a gas-tight syringe. 
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7.3.1.7.1 Dilutions may be made 1n volumetric flasks {10-ml to 100-ml). Select the volumetric flask that will allow for the necessary dilution. Intermediate dilutions may .be necessary for extremely large dilutions. · 
7.3.1.7.2 Calculate the approximate volume of reagent water to be added to the volumetric flask selected and add slightly less than this quantity of reagent water to the flask. 
7.3.1.7.3 Inject the proper alfquot of samples from the syringe prepared In Paragraph 7.3.1.5 Into the flask. Allquots of less than 1-ml are not recommended. Dilute the sample to the mark with reagent water. Cap the flask, Invert, and shake three times. Repeat the above procedure for additional d11utfons. 

7.3.1.7,4 Fill a 5-ml syringe with the diluted sample as In Paragrap~ 7.3.1.5. 
7.3.1.8 Add 10.0 uL of surrogate ··spiking solution (found fn each determinative method, Section 5.0) and, If applicable, 10 ul of Internal standard spiking solution through the valve bore of the syringe; then close the valve.. The surrogate and Internal standards may be mixed and aaded as a single spiking solution. Matrix spiking solutions,· If Indicated, should lle added (10 ul) to the sample at ~ thfs tfme. 

7.3.1.9 Attach the syringe-syringe valve assembly to the syringe valve on the purging device. Open the syringe valves and Inject the sa~h Into the purging chamber. · 
7.3.1.10 Close both valves and purge the sample for the time and at the temperature specified In Table 1. 
7.3.1.11 At the conclusion of the purge tfme, attach the trap to the chromatograph, adjust the device to the desorb ~de, and begin the gas chromatographic temperature program and GC data acquhft1on. Concurrently, Introduce the trapped mterh.h to the ·gas chromatographic column by rapidly heating the trap to 1so•c whlle backf1ush1ng the trap with inert gas between 20 and 60 wL/~fn for the tfme speclffed fn Table 1. 
7.3.1.12 While the trap 1s befng desorbed fnto the gas chrGmatograph, empty the purging chamber. Wash the chamber with & •fnfmum of two 5-ml flushes of reagent water (or methanol followed by reagent water) to avoid carryover of pollutant compounds into subsequent analyses. 

· 
7.3.1.13 After desorbfng the sa~le, recondition the trap by returning the purge-and-trap device to the purge Made. Waft 15 sec: then close the syringe valve on the purging devfce to begin gas flow 
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through the trap. The trap temperature should be maintained at I8o•c for Methods 8010 and 8020, and 21o•c for Methods 8015 and 8030. Trap temperatures up to 220"C aay be employed; however, the higher temperature wfll shorten the useful life of the trap. Aftr~ approximately 7 mfn, turn off the trap heater and open the syrfng~ valve to stop the gas flow through the trap. When cool, the trap fs ready for the next sample. 
7.3.1.14 If the fnftfal analysts of a sample or a dflutfon of the sample has a concentration of analytes that exceeds the Initial calibration range, the sample must be reanalyzed at a higher dilution. When a sample Is analyzed that has saturated response from a compound, thfs analysis must be followed by a blank reagent water analysis. If the blank analysis Is not free of Interferences, the system must be decontaminated. Sample analysis may not resume until a blank can be analyzed that Is free of Interferences. 
7.3.1.15 All dilutions should keep the response of the major constituents (previously sat4r4ted peaks) In the upper half of the linear range of the curve. Proceed to Method 8000 and the specific determinative method for details on calculating analyte response. 

7.3.2 Water-miscible liquids: 
7.3.2.1 Water-miscible liquids are analyzed as water samples after first diluting them at least 50-fold with reagent water. 
7.3.2.2 Inftfal and serial dilutions can be prepared by plpettfng 2 ml of the sample to a 100-ml volumetrfc flask and dHLitfng to volume with reagent water. Transfer immediately to a 5-ml gas-tight syringe. 

-··-·-- ---- --- -- 1.~.2.3 ~AH-ernatiYe~ly, pre~pare-~Cfflutfons directly In a s.-ml syringe filled with reagent water by adding at least 20 ul, but not more than 100-ul of liquid sample. The saaple Is ready for addition of surrogate and, If applicable, Internal and matrix spiking standards. 

7.3.3 Sedlaent/soil and waste samples: It Is highly recommended that all samples of thfs type be screened prior to the purge-and-trap GC analysis. These samples may contain percent quantities of purgeable organics that will contaminate the purge-and-trap system, and require extensive cleanup and instrument downtime. See Paragraph 7.3.1.1 for recommended screening techniques. Use the screening data to determine whether to use the low-level method (0.005-1 mg/kg) or the high-level method ()1 mg/kg). · 

7.3.3.1 low-level method: This fs designed for samples containing Individual purgeable compounds of (1 mg/kg. It Is limited to sediment/soil samples and waste that is of a similar consistency (granular and porous). The low-level method Is base~ on 
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pu1111 ng a heated sedl~~~ent/son Ulll!l1e mhed wltli reagent water containing the surrogate and, if applicable, internal and matr1x spi~ing ~tandards. Analyze all reagent blanks and standards under the same conditions as the samples. 
7.3.3.!.1 Use a 5-g sample if the expected concentration is (0.1 mg/kg or a 1-g sample for expected concentrations between 0.1 and 1 mg/kg. 
1.3.3.1.2 The GC system should be set up as In Section 7.0 of the specific determinative method. This should be done prior to the preparation of the sample to avoid loss of volatiles from standards and samples. A heated purge calibration curve must be prepared ·and used for the quantltatlon of all samples analyzed wltli the low-level Dethod. Follow the initial and dally calibration Instructions, except for the ~~ditlon of a 40'C purge temperature for Methods 8010 and 8020. 

7.3.3.1.3 Remove the plunger ·from a 5-ml luerlock type syringe· equipped with a syringe valve and fill unt11 overflowing with reagent water. Replace the plunger and compress the water to vent trapped a1r. Adjust the volume to 5.0 mL 1\dd 10 ul each of surrogate sp1k1ng solution and internal standard solution to the syringe through the valve. (Surrogate spiking solution and internal standard solution may ~ be mixed together.) Matrix spiking solutions, 1f indicated, should be added (10 ul) to the sample at this time. 
7.3.3.1.4 The sample (for volatile organics) consists of the entire contents of the sample container. Do not discard any supernatant liquids. Hlx the contents of the sample container with a narrow metal spatula. Welgli the amount determined In Paragraph 7.3.3.1.1 Into a tared purge device. Note and record the actual weight to the nearest 0.1 g. 
7.3.1.1.5 In certain cases, sample results are desired based on a dry-weight basis. When such data ts desired, a portion of sample for moisture determination should be we1ghed out at the same time as the port1on used for analytical determination. Immediately after we1gh1ng the sample for extraction, weigh 5-10 g of the sample Into a tared crucible. Determine the percent moisture by drying overnight at 105"C. Allow to cool 1n a desiccator before weighing: 

q of sample - q of dry samp1t x 100 • 1 moisture g of sample 
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7.3.3.1.6 Add the spiked reagent water to the purge device, which contains the weighed a.ount of sample, and connect the device to the purge-and-trap system. NOTE: Prior to the attachment of the purge device, steps 7.3.3.1.4 and 7.3.3.1.6 must be performed rapidly and without interruption to avoid loss of volatile organics. These steps must be performed In a laboratory free of solvent fumes. 

7.3.3.1.7 Heat the sample to 40'C + 1'C (Methods 8010 and 8020) or to 85'C ! 2'C (Methods 8015 and· 8030) and purge the sample for the time shown In Table 1. 
7.3.3.1.8 Proceed with the analysis as outlined in Paragraphs 7.3.1.11-7.3.1.15. Use 5 ml of the same reagent water as fn the reagent blank. If saturated peaks occurred or would occur If a 1-g sample were analyzed, the high-level method must be followed. 

7.3.3.2 Hf~h-level method: The method fs based on extracting the sediment/sol with methanol. A waste sample is either extracted or diluted, depending on its solubility In methanol. An aliquot of the extract Is added to reagent water containing surrogate and, If applicable, Internal and matrix spiking standards. This is purged at the temperatures Indicated fn Table 1. All samples with an expected concentration of )1.0 mg/kg should be analyzed by fhls method. 
; 

7 .3.3.2.1 The sample (for volatile organics)consfsts of the enUre contents of the sallllle contafner~ · DO not discard any supernatant liquids. Hlx the contents of the sample container with a narrow metal spatula. For sediment/soil and waste that are fnsolu_I)J~11'L met..h.anoJ_._ .. wef.gh-~-.g{wet--weight}of --~--- ·san~l1rtnto-a tared 20-•L vial. Use a top-loading balance. Note and record the actual wefght to 0.1 gram and determine the percent moisture of the sample usfng the procedure fn Paragraph 7.3.3.1.5. For waste that fs soluble In methanol, weigh 1 g (wet wefght) into a tared scintillation vial or culture tube or a 10-ml volumetric flask. (If a vial or tube fs used, It must be calibrated prior to use. Pipet 10.0 aL of methanol Into the vial and mark the bottom of the meniscus. Discard this solvent.) 

7.3.3.2.2 Quickly add 9.0 •L of methanol: then add 1.0 ml of the surrogate spiking solution to the vial. Cap and shake for 2 min. 
NOTE: Steps 7.3.3.2.1 and 7.3.3.2.2 must be performed rapidly and without Interruption to avoid loss of volatile organics. These steps must be performed fn a laboratory free from solvent fumes. 
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7.3.3.2.3 Plpet approximately 1 ml of the extract to a GC vial for storage, using a disposable pipet. The remainder may be d1spo•ed of. Transfer approximately l ml of reagent methanol to a separate GC vfa1 for use as the method blank for each set of samples. These extracts may be stored at 4•c In the dark, prior to analysts. 
7.3.3.2.4 The GC system should be set up as ln Section 7.0 of the specific determinative method, This should be done prfor to the addlt1on of the methanol extract to reagent water. 
7.3.3.2.5 Table 2 can be used to determine the volume of methanol extract to add to the 5 ml of reagent water for analysis. If a screening procedure was followed, use the estimated concentration to determine the appropriate volume. Otherwise, estimate the concentration range of the sample from the 1ow-1eve1 analysts to determine the appropriate volume. lf tile sample was submitted as a high-level sample, start wHh 100 ul. ·All dflutfons must keep the response of the major constituents (previously saturated peaks)·. ·in the upper half of the linear range of the curve. 

7.3.3.2.6 Remove the plunger from a 5.0-ml Luerlock type syringe equipped wlth a syringe valve and fill until overflowing with reagent water. Replace the plunger and compress the water to vent trapped afr. Adjust the volume to 4.9 al. Pull the plunger back to 5.0 ml to allow volume for the addition of the sample extract and of standards. Add 10 ul of Internal standard solution. Also add the volume of methanol extract determined in Paragraph 7.3.3.2.5 and a volume of ~~~~ethanol solvent to total 100 ul (excluding methanol fn standards). 

7.3.3.2.7 Attach the syringe-syringe valve assembly to the syringe valve on the purgtng device. Open the syringe valve and Inject the water/methanol sample Into the purging chamber. 
7.3.3.2.8 Proceed with the ana1ys1s as outlined fn the specific determinative method. Analyze a11 reagent blanks on the same Instrument as that used for the samples. The standards and blanks should also contain 100 ul of methanol to simulate the sample conditions. 

7.3.3.2.9 For a matrix spike fn the hfgh-1eve1 sedfment/sol1 samples, add 8.0 ~L of methanol, 1.0 ll of surrogate spike solution and 1.0 ml of matrix spike solution. Add a 100-ul aliquot of thfs extract to 5 ll of water for purging (as per Paragraph 7.3.3.2.6). 
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TABLE 2. QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS OF HIGH-LEVEL SOILS/SEDIMENTS 

Approximate 
Concentration Range 

500-10,000 ug/kg 
1,000-20,000 ug/kg 
5,000-100,000 ug/kg 

25,000-500,000 ug/kg 

Volume of 
Methanol Extracta 

100 ul 
50 ul 
10 ul 

100 ul of 1/50 dilution b 

Calculate appropriate dflution factor .for concentrations exceeding this table. 

aThe volume of methanol added to 5 ml of water being purged should be kept constant. Th~refore, add to the 5-ml syringe whatever volume of methanol is necessary to maintain a volume of 100 ul added to the syringe. 
boilute an aliquot of the methanol extract and then take 100 ul for analysis. 
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7.4 Sample analysis: 

7 .4.1 The samples prepared by thh Methods 8010, 8015, 8020, 8030, and 8240. appropriate analysis conditions. 

8.0 QUALITY CONTROl 

method may be analyzed by Refer to these methods for 

8.1 Refer to Chapter One for specific quality control procedures and Method 3500 for sample preparation procedures. 
8.2 Before processing any samples, the analyst should demonstrate through the analysis of a reagent water method blank that all glassware and reagents are Interference free. Each time a set of samples .is extracted, or there Is a change In reagents, a method blank should be processed as a safeguard agalnst chronic laboratory contamination. The blank samples should be carried througi1 all stages of the sample preparation and measurement. 
8.3 Standard quality assurance P.ractfces should be used wfth this method. Field replicates should be collected to validate the precision of the sampling technique. Laboratory replicates should be analyzed to validate the precision of the analysis. Fortlfled samples should be carried through a11 stages of sample preparation and measurement; they should be analyzed to validate the sensitivity and accuracy of the analysis. If the fortified samples do ·not Indicate sufficient sensitivity to detect (1 ug/g of the analytes In the sample, then the senslt!vfty of the Instrument should be increased, or the sample should be subjected to additional cleanup. ' 

9.0 METHOD PERFORMANCE 

9.1 Refer to the determinative methods for performance data. 

10.0 REFERENCES 

1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the Analysts of Pollutants Under the Clean Water Act; Final Rule and Interim Final Rule and Proposed Rule,• October 26, 1984. 
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01/01/90 

1.0 

1.1 

2. 0 

OPERATING PRACTICE 
GC/MS VOA 

DLST 

PURPOSE 

RJR AFT 

ORGANIC ANALYSIS PROTOCOL 
GC/MS ANALYSIS OF VOLATILE ORGANICS 

(AQUEOUS) 

21-16-8240 

This method is applicable for determination of various purgeable organics in water and wastewater. The parameters listed in Table 1 may be determined by this method. 

REFERENCES 

SW846 Test Methods for Evaluating Physical/Chemical Methods, Method 8240. 
Solid Waste 

40CFR136, appendix A, Methods for Organic Chemical Analysts of Municipal and Industrial Wastewater, Method 624-Purgeables. 

3.0 PRINCIPLE 

3.1 An inert gas is bubbled through a 5 mL sample contained in a specifically designed purging chamber at ambient temperature. The purgeables are erficiently transferred from the aqueous phase to the vapor phase. The vapor is swept through a sorbent column #here the purgeables "are trapped. After purging is completed, the sorbent column is heated and back flushed with the inert gas to desorb the purgeables onto a gas chromatographic column. The gas chromatograph is temperature programmed to separate purgeables which are then detected with a mass spectrometer. 
4.0 INTERFERENCES 

4.1 Impurities in the purge gas and organic compounds outgassing from plumbing head of the trap account for the majority of the contamination problems. The analytical system must be demonstrated to be free from interferences under the conditions of the analysis by running method blanks. Method blanks are run by charging the purging device with organic-free water and 
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01/01/90 DLST RJR 

analyzing it in a normal 
plastic tubing, non-TFE 
controllers with rubber 
device should be avoided. 

OPERATING PRACTICE 
GCjMS VOA 

AFT 21-16-8240 

manner. The use of non-TFE 
thread sealants, or flow 

components in the purging 

4. 2 Samples can be contaminated by diffusion of volatile organics through the septum seal into the sample during shipment and storage. A field blank prepared form organic-free water and carried through the sampling and handling can serve as a check of such contamination. 
4.3 Cross contamination can occur whenever high levels and low level samples are sequentially analyzed. To reduce the likelihood of this, the purging device and sample syringe should be rinsed out twice between samples with organic-free water. Whenever an unusually concentrated sample is encountered, it should be followed by analysis of organic-free water to check for cross contamination. For samples containing large amounts of water soluable materials, suspended solids, high boiling comp()\lnds or high levels of aromatics, it may be neCessary to replace the filled sample vessel with a clean, dry vessel before the bake cycle on the purge and trap device. 

5.0 APPARATUS AND MATERIALS 

5.1 sample Containers 

5. 1.1 Vials with cap - 40 mL capacity screw cap (Pierce No. 13075 or equivalent). Detergent wash and dry at 1o5oc for one (1) hour before use. 

5. 1. 2 Septum - Teflon-faced silicone (Pierce No. equivalent). Detergent wash, rinse with distilled water, and dry at 1o5oc for one 
before use. 

1272 2 or 
tap and 
( 1) hour 

5. 2 Purge and Trap device - the purge and trap equipment consist of three (3) separate pieces of apparatus: The purging device, trap, and desorber. Several complete devices are available commercially. This laboratory utilizes Tekmar purge and trap devices. 

5. 3 Gas Chromatograph/Mass Spectrometer - This laboratory uses both Finnigan MAT (Models 1050 and 5100) and Hewlett Packard (Model HP-5970 MSD) mass spectrometers. 
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5.3.1 

5.3.2 

5.4 

5.5 

5.6 

5.6.1 

5.6.2 

5.6.3 

5.7 

5.8 

5.8.1 

6.0 

6.1 

6.2 

OPERATING PRACTICE 
GC/MS VOA 

DLST RJR AFT 21-16-8240 

All systems are equipped with glass jet separators. The HP GC/MS systems are controlled by a HP-1000 
computer system using the Aquarius software. The Finnigans are equipped with Superincas Software. 

Column 1 - 6 ft. long by 2 mm ID glass column packed 
with 1% SP-1000 on Carbopack B (60/80 mesh) . 

Column 2 30 meter by 053 mem ID DB-24 megabore capillary column. (J & W Scientific) 

Syringes - 5 mL glass hypodermic with Luer-Lock tip. 

Micro syringes - 1.0, 10, 50, 100, 250, and 500 uL. 

Trap Materials 

Tenex GC 60/80 mesh. 

Coconut charcoal. 

Silica gel. 

Activated carbon 
equivalent. 

Filtersorb-200 (Calgon Corp.) or 

Organic-Free Water. 

A Sybron/Barnstead organic pure water purification system is used in this laboratory. 

PREPARATION OF SOLUTION AND STANDARDS 

Tuning Standard. Prepare a stock solution of 4-bromofluorobenzene (BFB) at 1000 ngjuL by dissolving 10 mg in 10 mL methanol. This stock solution must be prepared every three (3) months and stored at 4oc or 
less. Every week a fresh working standard will be prepared by the addition of 50 uL of stock solution to 
1 mL of Methanol. The working solution will be stored at 4oc or less while not in use. 

Internal Standards. a 1000 ugjmL stock 
purchased from Supelco or prepared 
containing the following compounds: 

solution is 
separately 
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01/01/90 

6.2.1 

6.2.2 

DLST RJR 

Bromochloromethane 
1,4-Difluorobenzene 
Chlorobenzene-d5 

OPERATING PRACTICE 
GC/MS VOA 

AFT 21-16-8240 

using the supleco cocktail containing all three compounds @ 1000 ugjmL, transfer 500 uL to a 10 mL volumetric flask containing about eight (8) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three internal standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

For analysis, five (5) uL is added to 5 mL water to give the internal standards at the required 50 ugjL level. 

The internal standard solution can be prepared separately from neat compounds by dissolving 10 ng of each compound, accurately weighed to o .1 ng, in 10 mL methanol to produce three separate stock solutions @ 1000 ugjmL. These stock solutions must be prepared __ E!Y.E'!.IT_thr.ee~--(3_) __ months at----a-mi.n.i-mum-,-ancl be -stored· --at 4oc or less. Transfer 500 uL of each of the three stock solutions to a 10 mL volumetric flask containing about eight (8) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three internal standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. store at 4oc or less. 

For analysis, five (5) uL is added to 5 mL water to give the internal standards at the required 50 ugjL level. 

6. 3 Surrogate standards. a stock solution is purchased from Supelco or prepared separately containing the following compounds: 

1,2-Dichloroethane-d4 
Toluene-d8 
4-Bromofluorobenzene 
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Using the Supleco cocktail containing all three . compounds @ 250 ugjmL, transfer 1000 uL to a 5 mL volumetric flask containing about three (3) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three surrogate standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. store at 4°C or less. 

For analysis, 'ive (5) uL is added to 5 mL water to give the surrogate standards at the required 50 ugjL level. 

The surrogate standard solution can be prepared separately from neat compounds by dissolving 10 ng of each compound, accurately weighed to 0.1 ng, in 10 mL methanol to produce three separate stock solutions @ 1000 ugjmL. These stock solutions must be prepared every three (3) months at a minimum, and be stored at 4oc or less. Transfer 500 uL of each of the three stock solutions to a 10 mL volumetric flask containing about eight (8) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three surrogate standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

For analysis, five (5) uL is added to 5 mL water to give the surrogate standards at the required 50 ug/L level. 

Matrix Spike Standard. A stock solution is purchased from Supelco or prepared separately containing the following compounds. 

1,1-Dichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 

using the 
compounds 

Supelco cocktail containing 
@ 250 ugjmL, transfer 1000 

all five 
uL to a 

( 5) 
5mL 
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volumetric flask containing about three (3) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the five (5) matrix spike compounds at 50 ugjmL. This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. store at 4oc or less. 

The spiking standard solution can be prepared separately from neat compounds by dissolving 10 ng of each compound, accurately weighed to 0.1 ng, in 10 mL methanol to produce five separate stock solutions @ 1000 ugjmL. These stock solutions must be prepared every three (3) months at a minimum, and be stored at 4oc or less. Transfer 500 uL of each of the five stock solutions to a 10 mL volumetric flask containing about three (3) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting sol uti on will contain th~ fiye spiking compounds. @ 50 ugjrnL · Tfiis working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store,at 4oc or less. 
-·------- -- - ---~--~-------- ---- - ~- ------------- -

For analysis, five (5) uL is added to 5 mL water to give the matrix spike standards at the required 50 ugjL level. 

6. 5 Calibration Standards. The calibration standards are prepared form "cocktail" mixtures purchased from supelco. all standards are referenced to EPA repository standards when available. The standards are prepared to a concentration of 50 ugjmL. The standards will contain each compound of interest including the surrogates. all standards will be stored at 4oc or less. This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. 
7.0 CALIBRATION 

7. 1 Daily Tune. Each GC/MS system must be hardware tuned to meet criteria listed in Table 2 for a 50 ng injection of BFB. No sample analyses can begin until all these criteria have been met. This criteria must be demonstrated each day. BFB has to be injected to meet this criterion. Post-acquisition manipulation of 
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criteria is not acceptable. The tune must be documented with a bar graph plot and a mass listing and are stored in the daily calibration folder. 

Initial Calibration Data. A five point curve is made by analyzing the calibration standards by using 2 uL, 5 uL, 10 uL, 15 uL, and 20 uL of the calibration standard resulting in standard analysis at 20, 50, 100, 150, and 200 ppb. The response factors (RF) for each compound including surrogates are recorded on Form VI and the average response factor and the percent relative standard deviation (%RSD) are calculated and recorded. 

The following requirements must be met before the 5-point calibration curve is valid. 

Each of the five System Performance Check Performance Compounds (SPCC) must have an average relative response factor greater than 0.300 .(0.250 for bromoform). These compounds are: 

Chloromethane 
1,1-Dicholorethane 
1,1,2,2-Tetrachloroethane 
Chlorobenzene 

Each of the six Calibration Check Compounds (CCC) must have a percent relative standard deviation (%RSD) of 30% or less. These compounds are: 

1,1-Dichloroethene 
Chloroform 
1,2-Dichloropropane 
Toluene 
Ethylbenzene 
Vinyl Chloride 

The Form VI and respective chromatograms/quant reports 
wil~ be filed with the respective daily tune, bar graph and mass listing. 

Daily Calibration Data. A check of the calibration curve must be performed every 12 hours. The calibration standard is analyzed at 50 ng/mL and the response factor (RF) is calculated. The resulting RF is compared to the average RF from the 5-point and the percent difference (%D) is computed and recorded on 
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Form VII. The maximum %D for the CCC compounds is 25%. The minimum RF for the SPCC compounds is 0.300 (0.250 for bromoform). If these criteria on the daily calibration cannot be met, the initial 5-point calibration cannot be met, the initial 5-point calibration curve must be repeated. 

The Form VII and respective chromatogramjquant report will be filed with the respective daily tune, bar graph, and mass listings. 

Internal Standards Data. The internal standard areas and retention times in all samples must be evaluated immediately after or during acquisition. If the retention time for any internal standard changes by more than 30 seconds from the test daily calibration standard, the chromatographic system must be inspected for malfunctions, and corrections made as required. The extracted ion current profile (EICP) of the internal standards must be monitored and evaluated for each standard. If the EICP area for any internal standard changes by more than factor of two (-50% to +100%), the mass spectrometeric system must be inspected for malfunction and corrections made as . apprepri·a·te.~- ·---~--~-· · 

ANALYSIS 

Method blanks. A method blank analysis must be analyzed once every twelve hours for each matrix after the respective matrix calibration standard(s). The method blank must contain no greater than five times (5X) the detection limits of common laboratory solvents (methylene chloride, acetone, toluene, and 2-butanone) and less than the detection limit of any other single target compound. If a laboratory method blank exceeds criteria, the analytical system is considered out of control. The source of the contamination is investigated and appropriate corrective measures must be taken and documented before further sample analysis proceeds. 

surrogate spikes. surrogate determinations are performed on all samples and blank. All samples and blanks are fortified with surrogate spiking compounds in order to monitor preparation and analysis of samples. Surrogate recovery data is required for samples, method blanks, matrix spikes, matrix spike 
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re-analysis that 

Matrix spike, matrix spike duplicate. A matrix spike 
and matrix spike duplicate must be performed at least 
once per 12-hour shift or every twenty (20) samples. 
Samples requiring optional dilutions and chosen as the 
matrix spike and matrix spike duplicate samples, must 
be analyzed at the same dilution as the original 
unspiked sample. 

Sample analysis. Remove the plunger from a 5 mL 
syr1.nge and attach a closed syringe valve. Open the 
sample bottle and carefully pour the sample into the 
syringe barrel to just short of overflowing. Replace 
the syringe plunger and compress the sample. Open the 
syringe valve and vent any residual air while adjusting 
the sample volume to 5.0 mL. 

Add 5.0 uL of the surrogate spiking solution and 5.0 uL 
of the internal standard spiking solution through the 
valve bore of the syringe, then close the valve. The 
addition of 5 uL of the surrogate spiking solution is 
equivalent to a concentration of 50 ugjL of each 
surrogate standard. 

QUALITATIVE ANALYSIS 

Target Compounds. The compounds of interest shall be 
identified by an analyst competent in the 
interpretation of mass spectra by comparison of the 
sample mass spectrum to the mass spectrum of a standard 
of the suspected compound. Two criteria must be 
satisfied to verify the identification. 

Relative Retention Time. The sample component's 
relative retention time (RRT) must compare with ± 0.06 
RRT units of the RRT of the standard component. For 
reference, the standard must be run on the same day as 
the sample. The RRT should be assigned by using 
extracted ion current profiles for ions unique to the 
component of interest. 

Spectra. (1) All ions present in the standard mass 
spectra at a relative intensity greater than 10% (most 
abundant ion in the spectrum equal 100%) must be 
present in the sample spectrum. (2) The relative 
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intensities of ions specified in (1) must-agree within plus or minus 20% between the standard and sample spectra. (3) Ions greater than 10% in the sample spectrum but not present in the standard spectrum must be considered and accounted for by the analyst making the comparison. The verification process should favor false negatives. 

Tentative Identification. Substances of greatest apparent concentration not listed as a target compound may require tentative identification when required by the customer. These will be tentatively identified via a library search of the EPA/NIH spectra base. Computer generated library search routines should not use normalization routines that would misrepresent the library or unknown spectra when compared to each other. Guidelines for making tentative identification are: 

The relative intensities of major ions in the reference spectrum (ions greater than 10% of the most abundant ion) should be present in the sample spectrum. 

The relative intensities of the major ions should agree ± 20%. 

Molecular ions present in reference spectrum should be present in the sample spectrum. 

Ions present in the sample spectrum but not in the reference spectrum should be reviewed for possible background contamination or presence of coeluting compounds. 

If, in the op~n~on of the mass spectral special'ist, no valid tentative identification can be made, the compound should be reported as unknown. The mass spectral specialist should give additional classification of the unknown compounds, if possible (i.e., unknown phthalate, unknown hydrocarbon, unknown acid type, unknown chlorinated compound). If probable molecular weight can be distinguished, include them. 

QUANTITATION 

All target compounds identified shall be quantified by the internal standard method. The internal standard method used shall be the one nearest the retention time 
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If the analysis results in samples containing compounds greater than the linear range of the 5-point curve, a dilution is made and the sample is re-analyzed. Onl.y the compound above the detection limit of the re-analyzed diluted sample will be reported, unless the client ·made prior arrangements for reporting of both sets of data. 

The relative response factor (RRF) from the daily calibration standard analysis is used to calculate the concentration in the sample. If the sample is analyzed after the initial 5-point calibration, then the relative response factor from the 50 ug/L standard is used. Secondary ions may be used if interferences are present. The area of a secondary ion cannot be substituted for the area of a primary ion unless a relative response factor is calculated using the secondary ion. 

The concentration of the analytes in the standards have been based upon a sample of 5 mL. The dilution factor used ·when a 5 mL sample is analyzed in 1. 0. If a dilution is made, then the dilution factor is raised accordingly (i.e., if a 1:10 dilution is analyzed, then 500 uL of sample is added to 4.5 mL uL deionized water and the factor used to quantitate the results would be 10) . 

An estimated concentration for tentatively identified compounds will be made by the internal standard method. For quantitation, the nearest internal standard free of interferences shall be used. 

Calculate surrogate standard recoveries on all samples, blanks and spikes. If any surrogates fall outside the limits, the sample, blank, or spike must be re-analyzed. If the re-analysis reveals similar recoveries, then both analyses are reported and documented as a matrix effect with that particular sample. 

For complicated matrices, it may be necessary to also evaluate the internal standard areas along with the surrogate recoveries to determine matrix effects. For 
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example, two of three surrogates may be outside QC limits on initial analysis and all internal standard (IS) areas compliant. However, on reanalysis the sm:r:ogates may all be in, but the IS areas maybe outside the limits. This has been a problem in the past with clay-like matrices. In three instances adequate description of sample appearance should appear in the analys-i-s leg t~ hel:p-~cument QC discrepancy. 
S.lU'ETY 

The toxicity or carciongenicity of each reagent used in this method has not been precisely defined; however, each chemical compound should be treated as a potential health hazard. A reference file of material data handling sheets (MSDS) is available to all personnel through the laboratory Health and Safety Officer, who maintains the MSDS repository. Any of these documents may be copied for the employees personal file, on request. 

The fOllowing 
tentatively 
carcinogens: 

reagents covered by this method have been classified as known or suspected 

Benzene 
carbon tetrachloride 
Chloroform 
1,4-Dichlorobenzene 
Vinyl chloride 

PROJECT SPECIFIC QC: NJDEP 

A method blank for volatile analysis must contain less than or equal to three times (JX) the Contract Required Quantitation Limit (CRQL from Exhibit C) of methylene chloride, acetone, toluene, and 2-butanone. 

For all other TCL compounds _not listed above, method blank must contain less than or equal to contract Required Quantitation Limit of any single analyte. 

the 
the 
TCL 

12.3 CLP data packages must include positive and negative spectra for all analytes present on the quanti tat ion report at or above 0.500 ugjL. 
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ORGANIC ANALYSIS PROTOCOL 
GC/MS ANALYSIS OF VOLATILE ORGANICS 

(LOW Level Soil) 

PURPOSE 

This method 
purgeable 
parameters 
method. 

REFERENCES 

is applicable for determination of various 
organics in soil and sediment. The 

listed in Table 1 may be determined by this 

SW846 Test Methods for Evaluating 
Physical/Chemical Methods, Method 8240. 

Solid Waste 

40CFR136, appendix A, Methods for Organic Chemical Analysts of Municipal and Industrial Wastewater, Method 
624-Purgeables. 

PRINCIPLE 
-~~ -~ --~ ·- -- -------------:3 .T~ ~~~~~~--~-An inert~~gasfs- bubbled through a 5 g sample mixed with 

4.0 

4.1 

5 uL water contained in a specifically designed purging chamber at elevated temperature. The purgeables are 
efficiently transferred from the aqueous phase to the vapor phase. The vapor is swept through a sorbent 
column where the purgeables are trapped. After purging is completed, the sorbent column is heated and back 
flushed with the inert gas to desorb the purgeables onto a gas chromatographic column. The gas chromatograph is temperature programmed to separate purgeables which are then detected with a mass spectrometer. 

INTERFERENCES 

Impurities in the purge gas and organic compounds outgassing from plumbing head of the trap account for the majority of the contamination problems. The analytical system must be demonstrated to be free from interferences under the conditions of the analysis by 
running method blanks. Method blanks are run by charging the purging device with organic-free water and 
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analyzing it in a normal manner. The use of non-TFE plastic tubing, non-TFE thread sealants, or flow controllers with rubber components in the purging device should be avoided. 

Samples can be contaminated by diffusion of vola tile organics through the septum seal into the sample during shipment and storage. A field blank prepared form organic-free water and carried through the sampling and handling can serve as a check of such contamination. 

Cross contamination can occur whenever high levels and low level samples are sequentially analyzed. To reduce the likelihood of this, the purging device and sample syringe should be rinsed out twice between samples with organic-free water. Whenever an unusually concentrated sample is encountered, it should be followed by analysis of organic-free water to check for cross contamination. For samples containing large amounts of water soluable materials, suspended solids, high boiling compounds or high levels of aromatics, it may be necessary to replace the filled sample vessel with a clean, dry vessel before the bake cycle on the purge and trap device. 

APPARATUS AND MATERIALS 

Sample Containers 

Vials with cap - 40 mL capacity screw cap (Pierce No. 13075 or equivalent). Detergent wash and dry at 105oc for one (1) hour before use. 

Septum - Teflon-faced silicone (Pierce No. 
equivalent). Detergent wash, rinse with 
distilled water, and dry at 1osoc for one 
before use. 

12722 or 
tap and 
(1) hour 

Purge and Trap device - the purge and trap equipment consist of three (3) separate pieces of apparatus: The purging device, trap, and desorber. Several complete devices are available commercially. This laboratory utilizes Tekmar purge and trap devices. 
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Gas Chromatograph/Mass Spectrometer - This laboratory uses both Finnigan MAT (Models 1050 and 5100) and Hewlett Packard (Model HP-5970 MSD) mass spectrometers. All systems are equipped with glass jet separators. The HP GC/MS systems are controlled by a HP-1000 computer system using the Aquarius software. The Finnigans are equipped with Superincos Software. 

Column 1 - 6 ft. long by 2 mm ID glass column packed with 1% SP-1000 on Carbopack B (60/80 mesh). 

Column 2 3 0 meter by 053 mm ID DB-24 megabore capillary column. (J & W Scientific) 

Syringes - 5 mL glass hypodermic with Luer-Lock tip. 

Micro syringes - 1.0, 10, 50, 100, 250, and 500 uL. 

Trap Materials 

5. 6.1 -- 'I'enex GC60j80 mesh. 

5. 6. 2 Coconut charcoal. 

-s;o. J 

5.7 Activated Carbon 
equivalent. 

Filtersorb-200 (Calgon Corp.) or 

5.8 Organic-Free Water. 

6.0 PREPARATION OF SOLUTION AND STANDARDS 

6.1 Tuning Standard. Prepare a stock solution of 4-bromofluorobenzene (BFB) at 1000 ngjuL by dissolving 10 mg in 10 mL methanol. This stock solution must be prepared every three (3) months and stored at 4oc or less. Every week a fresh working standard will be prepared by the addition of 50 uL of stock solution to 1 mL of Methanol. The working solution will be stored at 4oc or less while not in use. 

6.2 Internal Standards. a 1000 ugjmL stock purchased from Supelco or prepared containing the following compounds: 
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Using the Supleco cocktail containing all three compounds @ 1000 ugjmL, transfer 500 uL to a 10 rnL volumetric flask containing about eight (8) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three internal standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

For analysis, five 
give the internal 
level. 

( 5) uL is added to 5 mL water to. 
standards at the required 50 ug/L 

The internal standard solution can be prepared separately from neat compounds by dissolving 10 ng of each compound, accurately weighed to 0.1 ng, in 10 mL methanol to produce three separate stock solutions @ 1000 ugjmL. These stock solutions must be prepared every three (3) months at a minimum, and be stored at 4oc or less. Transfer 500 uL of each of the three stock solutions to a 10 mL volumetric flask containing about eight (8) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three internal standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

For analysis, five 
give the internal 
level. 

( 5) uL is added to 5 mL water to 
standards at the required 50 ug/L 

surrogate Standards. a stock solution is purchased from supelco or prepared separately containing the following compounds: 

1,2-Dichloroethane-d4 
Toluene-d8 
4-Bromofluorobenzene 
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using the sup1eco cocktail containing all three compounds @ 250 ugjmL, transfer 1000 uL to a 5 mL volumetric flask containing about three (3) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three surrogate standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

For analysis, five 
give the surrogate 
level. 

( 5) uL is added to 5 mL water to 
standards at the required 50 ug/L 

The surrogate standard solution can be prepared separately from neat compounds by dissolving 10 ng of each compound, accurately weighed to 0.1 ng, in 10 mL methanol to produce three separate stock solutions @ 1000 ugjmL. These stock solutions must be prepared every thr-e.: L3L mon:ths at a minimum, and be stored at ·· 46c or less. Transfer 500 uL of each of the three stock solutions to a 10 mL volumetric flask containing about eight (8) mL of methanol. Dilute to volume with 
~me~hafloh·-·~·M~i~x ~thorough-ly~~~by--:tnvert1ng-· several~times. 
Separate into 1 mL vials for storage. The resulting solution will contain the three surrogate standards @ 50 ug/mL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

For analysis, five 
give the surrogate 
level. 

( 5) uL is added to 5 mL water to 
standards at the required 50 ug/L 

6.4 Matrix Spike Standard. A stock solution is purchased from Supelco or prepared separately containing the following compounds. 

1,1-Dichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 
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Using the Supelco cocktail containing all five ( 5) 
compounds @ 250 ugjmL, transfer 1000 uL to a 5mL volumetric flask containing about three (3) mL of 
methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 
mL vials for storage. The resulting solution will contain the five (5) matrix spike compounds at 50 ugjmL. This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

The spiking standard solution can be prepared 
separately from neat compounds by dissolving 10 ng of each compound, accurately weighed to 0.1 ng, in 10 mL methanol to produce five separate stock solutions @ 1000 ugjmL. These stock solutions must be prepared every three (3) months at a minimum, and be stored at 4oc or less. Transfer 500 uL of each of the five stock solutions to a 10 mL volumetric flask containing about 
three (3) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the five spiking compounds. @ 50 ugjmL This working solution is good for 3 months, 
however, we are preparing it weekly to insure accuracy. store at 4oc or less. 

For analysis, five (5) uL is added to 5 mL water to give the matrix spike standards at the required 50 ug/L level. 

Calibration Standards. The calibration standards are 
prepared form "cocktail" mixtures purchased from supelco. all standards are referenced to EPA repository standards when available. The standards are prepared to a concentration of 50 ugjmL. -The standards will contain each compound of interest including the surrogates. all standards will be stored at 4oc or 
less. This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. 

CALIBRATION 

Daily Tune. Each 
to meet criteria 
injection of BFB. 
all these criteria 

GC/MS system must be hardware tuned 
listed in Table 2 for a 50 ng 
No sample analyses can begin until 
have been met. This criteria must 
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be demonstrated each day. BFB has to be injected to meet this criterion. Post-acquisition manipulation of criteria is not acceptable. The tune must be documented with a bar graph plot and a mass listing and are stored in the daily calibration folder. 

Initial Calibration Data. A five point curve is made by analyzing the calibration standards by using 2 uL, 5 uL, 10 uL, 15 uL, and 20 uL of the calibration standard resulting in standard analysis at 20, 50, 100, 150, and 200 ppb. The response factors (RF) for each compound including surrogates are recorded on Form VI and the average response factor and the percent relative standard deviation (%RSD) are calculated and recorded. 
The following requirements must be met before the 5-point calibration curve is valid. 

Each of the five system Performance Check Performance Compounds (SPCC) must have an average relative response factor greater than 0.300 (0.250 for bromoform). These cOmpounds are: 

Chloromethane 
" ~-17-l"-DieB.e~-ore"thanB ~"-"-"---~ "" 

1,1,2,2-Tetrachloroethane 
Chlorobenzene 

Each of the six Calibration Check Compounds (CCC) must have a percent relative standard deviation (%RSD) of 30% or less. These compounds are: 

1,1-Dichloroethene 
Chloroform 
1,2-Dichloropropane 
Toluene 
Ethylbenzene 
Vinyl Chloride 

The Form VI and respective chromatogramsjquant reports will be filed with the respective daily tune, bar graph and mass listing. 

Daily Calibration Data. A check of the calibration curve must be performed every 12 hours. The calibration standard is analyzed at 50 ngjmL and the response factor (RF) is calculated. The resulting RF 
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is compared to the average RF from the 5-point and the percent difference (%D) is computed and recorded on Form VII. The maximum %D for the CCC compounds is 25%. The minimum RF for the SPCC compounds is 0.300 (0.250 for bromoform) . If these criteria on the daily calibration cannot be met, the initial 5-point calibration cannot be met, the initial 5-point calibration curve must be repeated. 

The Form VII and respective chromatogram;quant report will be filed with the respective daily cune, bar graph, and mass listings. 

Internal Standards Data. The internal standard areas and retention times in all samples must be evaluated immediately after or during acquisition. If the retention time for any internal standard changes by more t~an 3 0 seconds from the test daily calibration standard, the chromatographic system must be inspected for malfunctions, and corrections made as required. rhe extracted ion current profile (EICP) of the internal standards must be monitored and evaluated for each standard. If the EICP area for any internal standard changes by more than factor of two (-50% to +100%) , the mass spectrometeric system must be inspected for malfunction and corrections made as appropriate. 

ANALYSIS 

Method blanks. A method blank analysis must be analyzed once every twelve hours for each matrix after the respective matrix calibration standard(s). The method blank must contain no greater than five times (5X) the detection limits of common laboratory solvents (methylene chloride, acetone, toluene, and 2-butanone) and less than the detection limit of any other single target compound. If a laboratory method blank exceeds criteria, the analytical system is considered out of control. The source of the contamination is investigated and appropriate corrective measures must be taken and documented before further sample analysis proceeds. 
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8.2 surrogate spikes. Surrogate determinations are performed on all samples and blank. All samples and blanks are fortified with surrogate spiking compounds in order to monitor preparation and analysis of samples. Surrogate recovery data is required for samples, method blanks, matrix spikes, matrix spike duplicates, and all sample re-analysis that substantiate a matrix effect. 

8. 3 Matrix spike, matrix spike duplicate. A matrix spike and matrix spike duplicate must be performed at least once per 12-hour shift or every twenty (20) samples. Samples requiring optional dilutions and chosen as the matrix spike and matrix spike duplicate samples, must be analyzed at the same dilution as the original unspiked sample. 

8. 4 Sample Analysis: To prepare the reagent water containing the surrogates and internal standards, remove the plunger from a 5 mL "Luerlock" type syringe and fill until overflowing with reagent water. Replace the plunger and compress thewatertovent trapped air. Adjust the volume 5. 0 mL. Add 10 uL each of the surrogate spiking solution and the internal standard solution to the syringe through t:_he __ vq].yg, ___ (_Surrogate --------spi1o.ngsOiutTon and internaT-sfimdard solution may be mixed together). The addition of 10 uL of the surrogate spiking solution to 5 g of soiljsediment is equivalent to 50 ugjkg of each surrogate standard. 

8.4.1 

8.4.2 

The sample (for volatile organics) consists of the entire contents of the sample container. Do not discard any supernatant liquids. Mix the contents of the sample container with a narrow metal spatula. Weigh 5 g into a tared purge device. Use a top loading balance. Note and record the actual weight to the nearest 0.1 g. 

Add the spiked reagent water to the purge device and connect the device to the purge and trap system. Note: Prior to the attachment of the purge device, steps VII. C. 3. a. and b. must be performed rapidly to avoid loss of volatile organics. These steps must be performed in a laboratory free of solvent fumes. 
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After desorbing the sample for four minutes, recondition the trap by baking the trap at 19ooc for 4 
minutes. When c-Jol, the trap is ready for the next sample. 

If the initial analysis of a sample or a dilution of a sample has concentrations of compounds that exceed the 
initial calibration range, the sample must be reanalyzed at a higher dilution. Secondary ion quantitation is only allowed when there are sample interferences with the primary ion. If secondary ion quantitation is used, document the reasons in the Case Narrative. If peaks are saturated from the analysis of 
a 5 g sample, a smaller sample size must be analyzed to prevent saturation. However, the smallest sample size permitted is 1 g. If smaller than l g sample size is needed to prevent saturation, the medium level method 
must be used. If the blank analysis is not free of interference, the system must be decontaminated. Sample analysis may not resume until a blank can be analyzed that is free of interferences. 

QUALITATIVE ANALYSIS 

Target Compounds. The compounds of interest shall be identified by an analyst competent in the interpretation of mass spectra by comparison of the sample mass spectrum to the mass spectrum of a standard 
of the suspected compound. Two criteria must be satisfied to verify the identification. 

Relative Retention Time. The sample component's relative retention time (RRT) must compare with± 0.06 RRT units of the RRT of the standard component. For reference, the standard must be run on the same day as 
the sample. The RRT should be assigned by using extracted ion current profiles for ions unique to the component of interest. 

Spectra. ( 1) All ions present in the standard mass spectra at a relative intensity greater than 10% (most abundant ion in the spectrum equal 100%) must be 
present in the sample spectrum. (2) The relative intensities of ions specified in (1) must agree within plus or minus 20% between the standard and sample spectra. (3) Ions greater than 10% in the sample spectrum but not present in the standard spectrum must 
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be considered and accounted for by the analyst making the comparison. The verification process should favor false negatives. 

Tentative Identification. Substances of greatest apparent concentration not listed as a target compound may require tentative identification when required by the customer. These will be tentatively identified via a library search of the EPA/NIH spectra base. Computer generated library search routines should not use normalization routines that would misrepresent the library or unknown spectra when compared to each other. Guidelines for making tentative identification are: 

The relative intensities of major ions in the reference spectrum (ions greater than 10% of the most abundant ion) should be present in the sample spectrum. 

The relative intensities of the major ions should agree ± 20%. 

Molecular ions present in reference spectrum should be present in the sample spectrum . 

. ----9. ~.-4-·--··--Ions-presenr--±n---the-s-ample-spect::rUJn-l>ut ·not ·Tn the reference spectrum should be reviewed for possible background contamination or presence of coeluting compounds. 

10.0 

10.1 

If, in the opinion of the mass spectral specialist, no valid tentative identification can be made, the compound should be reported as unknown. The mass spectral specialist should give additional classification of the unknown compounds, if possible (i.e., unknown phthalate, unknown hydrocarbon, unknown acid type, unknown chlorinated compound): If probable molecular weight can be distinguished, include them. 

QUANTITATION 

All target compounds identified shall be quantified by the internal standard method. The internal standard method used shall be the one nearest the retention time to that of a given analyte. The EICP area of characteristic ions of analytes are used. 
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If the analysis results in samples containing compounds greater than the linear range of the 5-point curve, a dilution is made and the sample is re-analyzed. Only the compound above the detection limit of the re-analyzed diluted sample will be reported, unless the client made prior arrangements for reporting of both sets of data. 

The relative response factor (RRF) from the daily calibration standard analysis is used to calculate the concentration in the sample. If the sample is analyzed after the initial 5-point calibration, then the relative response factor from the 50 ugjL standard is used. Secondary ions may be used if interferences are present. The area of a secondary ion cannot be substituted for the area of a primary ion unless a relative response factor is calculated using the secondary ion. 

The concentration of the analytes in the standards have been based upon a sample of 5 mL. The dilution factor used when a 5 mL sample is analyzed in 1. 0. If a dilution is made, then the dilution factor is raised accordingly (i.e., if a 1:10 dilution is analyzed, then 500 uL of sample is added to 4.5 mL uL deionized water and the factor used to quantitate the results would be 10) . 

An estimated concentration for tentatively identified compounds will be made by the internal standard method. For quantitation, the nearest internal standard free of interferences shall be used. 

Calculate surrogate standard recoveries on all samples, blanks and spikes. If any surrogates fall outside the limits, the sample, blank, or spike must be re-analyzed. If the re-analysis reveals similar recoveries, then both analyses are reported and documented as a matrix effect with that particular sample. 

For complicated matrices, it may be necessary to also evaluate the internal standard areas along with the surrogate recoveries to determine matrix effects. For example, two of three surrogates may be outside QC limits on initial analysis and all internal standard 
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(IS) areas compliant. However, on reanalysis the surrogates may all be in, but the IS areas maybe 
outside the 1 imi ts. This has been a problem in the past with clay-like matrices. In three instances adequate description of sample appearance should appear 
in the analysis log to help document QC discrepancy. 

SAFETY 

The toxicity or carciongenicity of each reagent used in this method has not been precisely defined; however, each chemical compound should be treated as a potential 
health hazard. A reference file of material data handling sheets (MSDS) is available to all personnel through the laboratory Health and Safety Officer, who 
maintains the MSDS repository. Any of these documents may be copied for the employees personal file, on request. 

The following reagents covered by this method have been 
tentatively classified as known or suspected carcinogens: 

Benzene 
... --Garben-toefi-aeh-lor±de----· 

Chloroform 
1,4-Dichlorobenzene 
Vinyl chloride 

PROJECT SPECIFIC QC: NJDEP 

A method blank for volatile analysis must contain less than or equal to three times (3X) the Contract Required Quantitation Limit (CRQL from Exhibit C) of methylene 
chloride, acetone, toluene, and 2-butanone. 

For all other TCL compounds not listed above, 
method blank must contain less than or equal to 
Contract Required Quantitation Limit of any single 
analyte. 

the 
the 
TCL 

12. 3 CLP data packages must include positive and negative spectra for all analytes present on the quantitation report at or above 0.500 ugjL. 

dvn\sop\op2116\8240. 1 
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This method is applicable for determination of various purgeable organics in soil and sediment. The parameters listed in Table 1 may be determined by this method. 

REFERENCES 

SW846 Test Methods for Evaluating Physical/Chemical Methods, Method 8240. 
solid Waste 

40CFR136, appendix A, Methods for Organic Chemical Analysts of Municipal and Industrial Wastewater, Method 624-Purgeables. 

PRINCIPLE 

-. --·~-... -~--···--··· - -· -~The~me-diUIUiever-son--method Ts ba~ed on extracting the soil/ sediment sample with methanol. An aliquot of the methanol extract is added to reagent water containing the surrogates and internal standards. 

An inert gas is bubbled through the 5 uL reagent water with the aliquot of methanol extract contained in a specifically designed purging chamber at ambient temperature. The purgeables are efficiently transferred from the aqueous phase to the vapor phase. The vapor is swept through a sorbent column where the purgeables are trapped. After purging is completed, the sorbent column is heated and back flushed with the inert gas to desorb the purgeables onto a gas chromatographic column. The gas chromatograph is temperature programmed to separate purgeables which are then detected with a mass spectrometer. 
INTERFERENCES 

Impurities in the purge gas and organic compounds outgassing from plumbing head of the trap account for 
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the majority of the contamination problems. The analytical system must be demonstrated to be free from interferences under the conditions of the analysis by running method blanks. Method blanks are run by charging the purging device with organic-free water and analyzing it in a normal manner. The use of non-TFE plastic tubing, non-TFE thread sealants, or flow controllers with rubber components in the purging device should be avoided. 

4. 2 Samples can be contaminated by diffusion of volatile organics through the septum seal into the sample during shipment and storage. A field blank prepared form organic-free water and carried through the sampling and handling can serve as a check of such contamination. 
4.3 cross contamination can occur whenever high levels and low level samples are sequentially analyzed. To reduce the likelihood of this, the purging device and sample syringe should be rinsed out twice between samples with organic-free water. Whenever an unusually concentrated sample is encountered, it should be followed by analysis of organic-free water to check for cross contamination. For samples containing large amounts of water soluable materials, suspended solids, high boiling compounds or high levels of aromatics, it may be necessary to replace the filled sample vessel with a clean, dry vessel before the bake cycle on the purge and trap device. 

5.0 APPARATUS AND MATERIALS 

5.1 Sample Containers 

5 .1.1 

5 .1. 2 

5.2 

Vials with cap - 40 mL capacity screw cap (Pierce No. 13075 or equivalent). Detergent wash and dry at 105oc for one (1) hour before use. 

septum - Teflon-faced silicone (Pierce No. equivalent). Detergent wash, rinse with distilled water, and dry at 105°C for one before use. 

12722 or 
tap and 
( 1) hour 

Purge and Trap device - the purge and trap equipment consist of three (3) separate pieces of apparatus: The purging device, trap, and desorber. Several complete 
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devices are available commercially. This laboratory utilizes Tekmar purge and trap devices. 
Gas Chromatograph/Mass Spectrometer - This laboratory uses both Finnigan MAT (Models 1050 and 5100) and Hewlett Packard (Model HP-5970 MSD) mass spectrometers. All systems are equipped with glass jet separators. The HP GCJMS systems are controlled by a HP-1000 computer system using the Aquarius software. The Finnigans are equipped with Superincas Software. 
Column 1 - 6 ft. long by 2 mm ID glass column packed with 1% SP-1000 on Carbopack B (60/80 mesh). 
Column 2 30 meter by 053 mem ID DB-24 megabore capillary column. (J & W Scientific) 

syringes - 5 mL glass hypodermic with Luer-Lock tip. 
Micro syringes - 1.0, 10, 50, 100, 250, and 500 uL. 
Trap Materials 

Tenex GC 60/80 mesh. 

Silica gel. 

Activated carbon 
equivalent. 

organic-Free Water. 

Filtersorb-200 (Calgon Corp.) or 

PUrge and trap grade methanol. 

PREPARATION OF SOLUTION AND STANDARDS 

Tuning Standard. Prepare a stock solution of 4-bromofluorobenzene (BFB) at 1000 ngjuL by dissolving 10 mg in 10 mL methanol. This stock solution must be prepared every three (3) months and stored at 4oc or less. Every week a fresh working standard will be prepared by the addition of 50 uL of stock solution to 1 mL of Methanol. The working solution will be stored at 4oc or less while not in use. 
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Internal Standards. a 1000 ugjmL stock purchased from Supelco or prepared containing the following compounds: 

Bromochloromethane 
1,4-Difluorobenzene 
Chlorobenzene-d5 

21-16-8240.2 

solution is 
separately 

Using the Supleco cocktail containing all three compounds @ 1000 ugjmL, transfer 500 uL to a 10 mL volumetric flask containing about eight (8) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three internal standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

For analysis, five 
give the internal 
level. 

( 5) uL is added to 5 mL water to standards at the required 50 ugjL 

The internal standard solution can be prepared separately from neat compounds by dissolving 10 ng of each compound, accurately weighed to 0.1 ng, in 10 mL methanol to produce three separate stock solutions @ 1000 ugjmL. These stock solutions must be prepared every three (3) months at a minimum, and be stored at 4oc or less. Transfer 500 uL of each of the three stock solutions to a 10 mL volumetric flask containing about eight (8) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three internal standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

For analysis, five {5) uL is added to 5 mL water to give the internal standards at the required 50 ug;L level. 

Surrogate Standards. a stock solution is purchased from supelco or prepared separately containing the following compounds: 
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Using the Supleco cocktail containing all three compounds @ 25.0. ugjmL, transfer 1000 uL to a 5 mL volumetric flask containing about three (3) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three surrogate standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. store at 4oc or less. 

For analysis, five 
give the surrogate 
level. 

(5) uL is added to 5 mL water to standards at the required 50 ugjL 

6. 3. 2 The surrogate standard sol uti on can be prepared separately from neat compounds by dissolving 10 ng of each compound, accurately weighed to o .1 ng, in 10 mL methanol to produce three separate stock solutions @ 1000 ugjmL. These stock solutions must be prepared every three ( 3) months at a minimum, and be sto:J:"§!g _a_t _ .... ----49-<:--sr---l-ess.-·--T ransrer· -5·o·o··u:r:;··or-eacli_ .. a.f· ·the three stock solutions to a 10 mL volumetric flask containing about eight (8) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the three surrogate standards @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

6.4 

For analysis, five 
give the surrogate 
level. 

( 5) uL is added to 5 mL water to standards at the required 50 ug;L 

Matrix Spike Standard. A stock solution is purchased from supelco or prepared separately containing the following compounds. 

1,1-Dichloroethene 
Trichloroethene 
Benzene 
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Using the supelco cocktail containing all five (5) compounds @ 250 ugjmL, transfer 1000 uL to a 5mL volumetric flask containing about three (3) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the five (5) matrix spike compounds at 50 ugjmL. This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

The spiking standard solution can be prepared separately from neat compounds by dissolving 10 ng of each compound, accurately weighed to 0.1 ng, in 10 mL methanol to produce five separate stock solutions @ 1000 ugjmL. These stock solutions must be prepared every three (3) months at a minimum, and be stored at 4oc or less. Transfer 500 uL of each of the five stock solutions to a 10 mL volumetric flask containing about three (3) mL of methanol. Dilute to volume with methanol. Mix thoroughly by inverting several times. Separate into 1 mL vials for storage. The resulting solution will contain the five spiking compounds. @ 50 ugjmL This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. Store at 4oc or less. 

For analysis, five ( 5) uL is added to 5 mL water to give the matrix spike standards at the required 50 ugjL level. 

6. 5 Calibration Standards. The calibration standards are prepared form "cocktail" mixtures purchased from Supelco. all standards are referenced to EPA repository standards when available. The standards are prepared to a concentration of 50 ugjmL. The standards will contain each compound of interest including the surrogates. all standards will be stored at 4oc or less. This working solution is good for 3 months, however, we are preparing it weekly to insure accuracy. 
7.0 CALIBRATION 

replaces Op 21-16-8240.2 dated 07/01/89 page 6 of 14 

E-55 



01/01/90 DLST RJR 

OPERATING PRACTICE 
GC/MS VOA 

AFT 21-16-8240.2 

7.1 Daily Tune. Each GC/MS system must be hardware tuned to meet criteria listed in Table 2 for a 50 ng injection of BFB. No sample analyses can begin until all these criteria have been met. This criteria must be demonstrated each day. BFB has to be injected to meet this criterion. Post-acquisition manipulation of criteria is not acceptable. The tune must be documented with a bar graph plot and a mass listing and are stored in the daily calibration folder. 
7.2 Initial Calibration Data. A five point curve is made by analyzing the calibration standards by using 2 uL, 5 uL, 10 uL, 15 uL, ana 20 uL of the calibration standard resulting in standard analysis at 20, 50, 100, 150, and 200 ppb. The response factors (RF) for each compound including surrogates are recorded on Form VI and the average response factor and the percent relative standard deviation (%RSD) are calculated and recorded. 
7.2.1 

7.2.1.1 

7.2.1.2 

7.2.2 

The following requirements must be met before the 5-point calibration curve is valid. 

Each of the five System Performance Check Performance Compounds (SPCC) must have an average relative response factor greater than o. 300 (O. 250. t:QL]Jrgmg_f_orm)--·· _ These -----compounds---ar-e-:-· ---- --·-··---- ---- ---~ 

Chloromethane 
1,1-Dicholorethane 
1,1,2,2-Tetrachloroethane 
Chlorobenzene 

Each of the six Calibration Check compounds (CCC) must have a percent relative standard deviation (%RSD) of 30% or less. These compounds are: 

1,1-Dichloroethene 
Chloroform 
1,2-Dichloropropane 
Toluene 
Ethylbenzene 
Vinyl Chloride 

The Form VI and respective chromatogramsjquant reports will be filed with the respective daily tune, bar graph and mass listing. 
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Daily Calibration Data. A check of the calibration curve must be performed every 12 hours. The calibration standard is analyzed at 50 ngjmL and the response factor (RF) is calculated. The resulting RF is compared to the average RF from the 5-point and the percent difference (%D) is computed and recorded on Form VII. The maximum %D for the CCC compounds is 25%. The minimum RF for the SPCC compounds is 0.300 (0.250 for bromoform). If these criteria on the daily calibration cannot be met, the initial 5-point calibration cannot be met, the initial 5-point calibration curve must be repeated. 

The Form VII and respective chromatogramjquant report will be filed with the respective daily tune, bar graph, and mass listings. 

Internal Standards Data. The internal standard areas and retention times in all samples must be evaluated immediately after or during acquisition. If the retention time for any internal standard changes by more than 30 seconds from the test daily calibration standard, the chromatographic system must be inspected for malfunctions, and corrections made as required. The extracted ion current profile (EICP) of the internal standards must be monitored and evaluated for each standard. If the EICP area for any internal standard changes by more than factor of two (-50% to +100%), the mass spectrometeric system must be inspected for malfunction and corrections made as appropriate. 

8.0 ANALYSIS 

8.1 Method blanks. A method blank analysis must be analyzed once every twelve hours for each matrix after the respective matrix calibration standard(s). The method blank is prepared by extracting 4 g of clean soil with methanol. And 100 uL aliquot of methanol is then analyzed. The method blank must contain no greater than five times (5X) the detection limits of common laboratory solvents (methylene chloride, acetone, toluene, and 2-butanone) and less than the detection limit of any other single target compound. If a laboratory method blank exceeds criteria, the analytical system is considered out of control. The source of the contamination is investigated and 
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appropriate corrective measures must be taken and documented before further sample analysis proceeds. 
surrogate spikes. Surrogate determinations are performed on all samples and blank. All samples and blanks are fortified with surrogate spiking compounds in order to monitor preparation and analysis of samples. Surrogate recovery data is required for samples, method blanks, matrix spikes, matrix spike duplicates, and all sample re-analysis that substantiate a matrix effect. 

Matrix spike, matrix spike duplicate. A matrix spike and matrix spike duplicate must be performed at least once per 12-hour shift or every twenty (20) samples. Samples requiring optional dilutions and chosen as the matrix spike and matrix spike duplicate samples, must be analyzed at the same dilution as the original unspiked sample. 

The sample (for volatiled organics) consits of the entire contents of the sample container. Do not giscard any supernatant liquids. Mix the contents of the sample container with a narrow metal spatula. Weigh 4 g (wet weight) into tared 15 mL vial. Use a top loadiJ1_g balan9e~ _ _No_te_.and--I"eco:l"d--the--aetual---weight to the-nearest o . 1 g. 

Quickly add 9. o mL of methanol, then 1. o mL of the surrogate spiking solution to the vial. cap and shake for 2 minutes. these steps must be performed rapidly to avoid loss of volatale organics. These steps must be performed in a laboratory free of solvent fumes. 
Using a disposable pipette, transfer approsimately 1 mL of extract into a GC vial for storage. The remainder may be disposed of. Transfer approximately 1 mL of the reagent methanol to a GC vial for use as the method blank for each case or set of 20 samples, whichever is more frequent. These extracts may be stored in the dark at 4oc (±2oc) prior to analysis. 

The addition of a 100 uL aliquot of each of these extracts will give a concentration equivalent to 6,200 ugjkg of each surrogate standard. 
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The following table can be used to determine the volume of methanol extract to add to the 5 mL of reagent water for analysis. Otherwise, estimate the concentration range of the sample from the low level analysis to determine the appropriate volume. If the sample was submitted as a medium level sample, start with 100 uL. 
All dilutions must keep the response of the major constituents (previously saturated peaks) in the upper half of linear range of the curve. 

Estimated 
Concentration Rangel; 

ugjkg 

500 - 10,000 
1000 - 20,000 
5000- 100,000 

25,000 - 500,000 

QUALITATIVE ANALYSIS 

Take this Volume of 
Methanol Extract2; 

UL 

100 
50 
50 

100 of 1/50 dilution3; 

Target Compounds. The compounds of interest shall be identified by an analyst competent in the interpretation of mass spectra by comparison of the sample mass spectrum to the mass spectrum of a standard of the suspected compound. Two criteria must be satisfied to verify the identification. 
Relative Retention Time. The sample component's relative retention time (RRT) must compare with ± 0.06 RRT units of the RRT of the standard component. For reference, the standard must be run on the same day as the sample. The RRT should be assigned by using extracted ion current profiles for ions unique to the component of interest. 

Spectra. (1) All ions present in the standard mass spectra at a relative intensity greater than 10% (most abundant ion in the spectrum equal 100%) must be present in the sample spectrum. (2) The relative intensities of ions specified in (1) must agree within plus or minus 20% between the standard and sample spectra. (3) Ions greater than 10% in the sample spectrum but not present in the standard spectrum must 
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be considered and accounted for by the analyst making the comparison. The verification process should favor false negatives. 

Tentative Identification. Substances of greatest apparent concentration not listed as a target compound may require tentative identification when required by the customer. These will be tentatively identified via a library search of the EPA/NIH spectra base. Computer generated library search routines should not use normalization routines that would misrepresent the library or unknow~ spectra when compared to each other. Guidelines for maKing tentative identification are: 
The relative intensities of major ions in the reference spectrum (ions greater than 10% of the most abundant ion) should be present in the sample spectrum. 
The relative intensities of the major ions should agree ± 20%. 

Molecular ions present in reference spectrum should be present in the sample spectrum. 
9. 2. 4 Ions present in the sample spectrum ~1lt_ not. ___ in the _______ r.e£er--e-nce--spee-t-rum--s·hou-ra···oe-- reviewed for possible background contamination or presence of coeluting compounds. 

10.0 

10.1 

If, in the opinion of the mass spectral specialist, no valid tentative identification can be made, the compound should be reported. as unknown. The mass spectral specialist should give additional classification of the unknown compounds, if possible (i.e., unknown phthalate, unknown hydrocarbon, unknown acid type, unknown chlorinated compound).. If probable molecular weight can be distinguished, include them. 
QUANTITATION 

All target compounds identified shall be quantified by the internal standard method. The internal standard method used shall be the one nearest the retention time to that of a given analyte. The EICP area of characteristic ions of analytes are used. 
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If the analysis results in samples containing compounds greater than the linear range of the 5-point curve, a dilution is made and the sample is re-analyzed. Only the compound above the detection limit of the re-analyzed diluted sample will be reported, unless the client made prior arrangements for reporting of both sets of data. 

The relative response factor (RRF) from the daily calibration standard analysis is used to calculate the concentration in the sample. If the sample is analyzed after the initial 5-point calibration, then the relative response factor from the 50 ugjL standard is used. Secondary ions may be used if interferences are present. The area of a secondary ion cannot be substituted for the area of a primary ion unless a relative response factor is calculated using the secondary ion. 

The concentration of the analytes in the standards have been based upon a sample of 5 mL. The dilution factor used when a 5 mL sample is analyzed in 1. 0. If a dilution is made, then the dilution factor is raised accordingly (i.e., if a 1:10 dilution is analyzed, then 500 uL of sample is added to 4.5 mL uL deionized water and the factor used to quantitate the results would be 10) . 

An estimated concentration for tentatively identified compounds will be made by the internal standard method. For quantitation, the nearest internal standard free of interferences shall be used. 

Calculate surrogate standard recoveries on all samples, blanks and spikes. If any surrogates fall outside the limits, the sample, blank, or spike must be re-analyzed. If the re-analysis reveals similar recoveries, then both analyses are reported and documented as a matrix effect with that particular sample. 

For complicated matrices, it may be necessary to also evaluate the internal standard areas along with the surrogate recoveries to determine matrix effects. For example, two of three surrogates may be outside QC limits on initial analysis and all internal standard (IS) areas compliant. However, on reanalysis the 
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surrogates may all be in, but the IS areas maybe outside the limits. This has been a problem in the past with clay-like matrices. In three instances adequate description of sample appearance should appear in the analysis log to help document QC discrepancy. 
SAFETY 

The toxicity or carciongenicity of each reagent used in this method has not been precisely defined; however, each chemical compound should be treated as a potential health hazard. A reference file of material data handling sheets (MSDS) is available to all personnel through the laboratory Health and Safety Officer, who maintains the MSDS repository. Any of these documents may be copied for the employees personal file, on request. 

The following 
tentatively 
carcinogens: 

reagents covered by this method have been classified as known or suspected 

Benzene 
carbon tetrachloride 
Chloroform 
1, 4 -Dichlorob~IJ~~I}J:l_ __ ---~----------·nny rcl11 orTcte 

PROJECT SPECIFIC OC: NJDEP 

A method blank for volatile analysis must contain less than or equal to three times (3X) the Contract Required Quantitation Limit (CRQL from Exhibit C) of methylene chloride, acetone, toluene, and 2-butanone. 
For all other TCL compounds not listed above, method blank must contain less than or equal to Contract Required Quantitation Limit of any single analyte. 

the 
the 
TCL 

CLP data packages must include positive and negative spectra for all analytes present on the quantitation report at or above 0.500 ug/L. 
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®Designation: 61/65 (75) 

Standard Test Method for 
SUlFUR IN PETROlEUM PRODUCTS (GENERAl BOMB 
METHOD)' 

This Slandard is issued under the fued designation D 129'; the number immediately following the designation indicates the 
year oforigio.aladoptiouor. i.a the case of revision, the year of last revision. A number in parentheses indicates the year of last 
reapprovaL A superscript epsilon (e:) indicates an editorial th.a.oge siftc:e lhe Last revision or rcapprovaL This is also a standard 
of the lnstitut!: of Petroleum issued under the fued designation IP 61. The final number indicates lhe year of last revision. 

nit Mttltod DW adopted.cu ajoim ASTM-IP stmuiord ill 1964. 

This method lw&r bnR fMIDpted for we by govet'1UM111 agntda to rep/Qce MetluHJ 5201 of Federal Test Method Sttmdtlrd No. 
1'9lb. 

d Non-Eclitorialc:h.a.ct&a were made throughout iD. July 1981. 

I. Scope 

1.1 This test method covers the determination 
of sulfur in petroleum products. including lubri
cating oils containing additives. additive concen
trates. and lubricating greases, that cannot be 
burned completely in a wick lamp. The method 
is applicable to any petmleum product suffi
ciently low in volatility that it can be weighed 
accurately in an open sample boat and contain
ing at leaS~ 0.1 % sulfur. 

Non I-This method is not applicable to samples 
containing dements that ~Jive residues, other than bar
ium sulfate. which are insoluble in dilute hydrochloric 
acid and 'fiiOUki interf= in the precipitation step. These 
interfering dements indude iron. aluminum, c::alci.um. 
siliCOD. and k::ad wbich are sometimes present ia 
greases, lube oil addi!Ms, or additi..: oils. Other acid 
insoluble alerials thai inlel'fere IIU'e silica. molybde
num disulfide. asbestos.. mica. etc. The method is not 
applicablem U!ed oils coolllinins wear meWs. and leid 
or silicws from cootamiaation. Samples that are ex
dudedcanli<aoalyz<dby ASTM Test Method D 1552, 
Test for Sulfur in li'l:troleum Products (High-Temper
ature Metbod).1 

:I. S.........,. of Melloooll 
2.1 The sample is oxidized by combustion in 

a bomb coataining oxygen uoder pressure. The 
sulfur, as sulfate in the bomb washings, is de
termined pvimetrically as barium sulfate. 

2.2 Sofety-Strid tu/Mrence to all of the P"'" 

visions prescribed hereafrer ensures against ex
plosive rupnue of the bomb, or a blow-out, pro
vided the bomb is of proper design and construe
tUm mui in good mechanical condilion. It is 
tksirable, however, tluu the bomb be enclosed in 
" shield of steel p!JUe at least I J mm thick, or 
equivalent protection be provided against lll!for
.reeab/e colllingmcies. 

3. Apparatus aDd Materials 

3.1 Bomb,u having a capacity of not less 
than 300 mL, so constructed that it will not 
leak during the test and that quantitative ro
covery of the liquids from the bomb may be 
achieved reaclily. The innersurfaceofthe bomb 
may be made of stainless steel or any other 
material that will not be affected by the com· 
bustion process or products. Materials used in 

I This ltSl method is under lhe jurisdiction or ASTM Com
mittee D-2 on Petroleum Products and Lubricants. 

Cwrent edition effective Aug. 31. 1964. Originally issued 
1922. In 1949, n:vised incorporatins fonmr D 894. Replaces 
0129-62. 

In lite IP, this method i$ under the jurisdiction of the Stan
dardizatioo Commiaee. 

J A1111u.al Book. of A.STM SlcvidarW, Vel 05.01. 
)Criteria for judeins the ~of new and used Ol.l"' 

men combustion bombs are dcscribeclln ASTM Recommended 
PTactice E 144, for Safe Use el Ch:)'llell Combustion Bombs, 
A11nuol Book of ASTM S.UJJtd4nis, Pan 44. 

4 A bomb COI!ifcrmU:te to the lest specificatiOtU in IP Scan&nl 
IP 12 is I!Uitablt. 
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th< bomb assembly, such as the head gasket 
aDd lead-wire insulstion, shaU be resistant to 
bUt and chemical action, and shaD not un
der!o any reaction that will affect the sulfur 
a>~~tent of the liquid in the bomb. 

31 Sample Cup. platinum, 24 mm in outside 
diameter at the bottom, 27 mm ·in outside di
ameter at the top. 12 mm in height outside, and 
wewung 10 to "11 g. 

33 Firing Wire, platinum, approximately 
No. 26 B & S gage, 27 SWG, or equivalent. 

Cautioa-The swilch ill lhe ignition circuiJ 
sloitJJ be of a type which mnain.r open, except 
wht>t held in closed position by the operator. 

3.4 Ignition Circuit, capable of supplying 
sufficient current to ignite the cotton wick.ing 
or nylon thread without melting the wire. The 
current shaU be drawn from a step-down trans
former or from a suitable battery. 

3.5 Cotton Wicking or Nylon Sewing Thread, 
white. 

5. Procedure 

5.1 Pr<paration of Bomb and Sample-Cut 
a piece of firing wire I 00 mm in length. Coil 
the middle section (about 20 mm) and attach 
the free ends to the terminals. Arrange the coil 
so that it will be above and to one side of the 
sample cup. Insen between two loops of the 
coil a wisp of cotton or nylon thread of such 
length that one end will extend into the sample 
cup. Place about 5 mL of Na,CO, solution in 
the bomb (Note 2) and rotate the bomb in such 
a manner that the interior surface is mOistened 
by the solution. Introduce into the sample cup 
the quantities of sample and white oil (Notes 3 
and 4) specified in the foUowing table, weighing 
the sample to the nearest 0.2 mg (when white 
oil is used, stir the mixture with a shon length 
of quanz rod and aUow the rod to remain in 
the sample cup during the combustion). 

Non 2-After ~ted usc of the bomb for sul
fur determinations. a film may be noticed on the 
inner surface. This dullness should be removed by 

~. Reagents and Malerials periodic polishing of the bomb. A satisfactory method 
for doing this is to rotate the bomb in a lathe at about 

4.1 Purity of R<agDJU-Reagent grade 300 rpm and polish the insideswface with cme'i: 
chemicals shaD be used in aU tests. Unless polishing papers Grit No. lO, or equivalent paper, 
otherwise indicated, it is intended that all re- coated wi~ a light m~c oil to Pre:o'ent _cutting, 

. . and then wtth a paste of gnt-frce chrODUc oxtde3 and 
q:ents ~hall conform to ~c specifications of the water. This procedure will remove an but very deep 
-~!!llil!.ttet on _!,nal):!!cal R~ of_the e"-"'<lP•La.bigb.J><>Iisb®_thuwfaO<.c.B<fnre.1he .. 
American Chemical Society, where such spec- mb is used it should be wasbed with soa~ and 
ifications are available.5 Other grades may be water ~ remove oil or paste left from the polishing 
used, provided it is first ascertained that the operauon. 
~tagent is of sufficiently high purity to permit Cautioa-Do not use mor< tlum 1.0 g total of 
11.\ use without lessening the accuracy of the sample and white oil or other low sulfur combw· 
determination. tible mat<rial or mor< tlum 0.8 g if the IP 12 

4.2 Purity of Wattr-Unless otherwise indi- bomb is used 
Cited, references to water shall be understood Sulfur Content Wcipt ot WciJbt of 
tomeandistiUedwaterorwaterofequalpurity. pn=t Samplc.a WhiteOil.a 

43 Barium CIJ!orilk Solution (85 g/litr<)- S orund" 0.6to0.1 0.0 
Dissolve 100 g of barium chloride dihydrate o.., s 0.3 to 0.4 0.3 to 0.4 
llaCI,-2H20) in distiUed water and dilute to Non 3-Use of sample weip., containing over 
I liter. 20 mg of chlorine may cause c:orrosion of the bomb. 

To avoid this., it is recommended that for samples 
4.4 Bromine Wattr (satUTaltd}. containing over 2 Ill> chlorine. the sample weight be 
4.5 Hydrochloric Add (llfl gr 1.19)-Concen- based on the cblorine content as ~ven m the follow-

~lted hydrochloric acid (HO). ing table: 
4.6 Oxygen, free of combustible material 

tnd sulfur compounds, available at a pressure 
or 40 aun (41 kgf/cm'). 

4. 7 Sodium Carbonate Sohltion (50 g/ litre)
Dissolve 135 g of sodium carbonate decahy
drate (Na,CO..-IOH,O)or its equivalent weight 
10 distiUed water and dilute to I litre. 

4.8 White Oil, USP, or Liqoid Parajjin, BP, 
., <quivahnt. 

61 

• .. Rcazent Chemicals.. Amerie&D Cbemicai Soc:iecy Spec· 
ifications. .. Am. Chemical Soc., Wa.shinpMI. D.C. For 5Uf:• 
f:CStiODS OP the testinJ Ofre&!eDU DOl lUted by lhe American 
Chemical Society. see .. Reasent Chemicals aad SWid&rds, .. 
by Joseph RosiD., D. Vau N05U'aDd Co~ lac.. New York, N. 
Y., ud the .. United Slates Pharmacopeia. .. 

• Emery Polisbiq Paper Grit No. ~ may be purchased 
froiD the 8ehr-M~ Co .. Troy. N. Y. Chromic oxide 
DUly be purchased from J. T. Baker .t Co~ Phillipsbllf&. N . 
J. 
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Chlorine Content 
percent 

2to5 
Over 5to 10 
Over JO to ~0 
O••er ~0 to 50 

Weight of 
Sample. g 

0.4 
0.2 
0.1 
0.05 

Weight of 
WhtteOil. g 

0.4 
0.6 
0.7 
0.7 

NoTE 4-Ifthe sample is not readily miscible with 
white oiL some other low sulfur combustible diluent 
rna..,.· be substituted. However. the combined weight 
of Sample and nonvolatile diluent shall not exceed 
l.O g or more than 0.8 g iftbe IP 12 bomb is used. 

5.2 Addition of Oxygen-Place the sample 
cup in position and arrange the cotton wisp or 
nylon thread so that the end dips into the 
sample. Assemble the bomb and tighten the 
cover securely. Cautioo-Do not add oxygen or 
ignite the sample if the bomb has been jarred, 
dropped, or tilred. Admit oxygen slowly (to 
avoid blowing the oil from the cup) until a 
pressure is reached as indicated in the following 
table: 

Capacity of 
8omb. ml 

300 10 350 
350 (0 400 
400 to 450 
450 to 500 

Minimum Gage 
Pn:s.sure. s arm 

kgf/cm1 

38 (39) 
35 (36) 
30 {31) 
27 (28) 

Maximum Gage 
Pressure.~ atm 

kgf/cm2 

40(41) 
37 (38) 
32 (33) 
29 (30) 

" The minimum pl't5$un:s&re specified to provide sufficient 
oxygen for complete combustion and the mo.r:imum pre:snue:s 
repremu a mjet)' re~. 

5.3 Combustion-Immerse the bomb in a 
cold distilled-water bath. Connect the terminals 
to the open electrical circuit. Close the circuit 
to ignite the sample. Caution-Do nor go near 
the bomb until at least 20 • after firing. Remove 
the bomb from the bath after immersion for at 
least 10 min. Release the pressure at a slow. 
uniform rate such that the operation requires 
not less than I min. Open the bomb and ex
amine the contents. If traces of unburned oil or 
sooty deposits are found, discard the determi
nation and thoroughly clean the bomb before 
again putting it in use (Note 2). 

5.4 Collection of Sulfw' Solution-Rinse the 
interior of the bomb, the oil cup, and the inner 
surface of the bomb cover with a fme jet of 
distilled water, and coUect the washings in a 
600-mL beaker having a mark to indicate 75 
mL. Remove any precipitate in the bomb by 
means of a rubber policeman. Wash the base 
of the terminals until the washings are neutral 
to a suitable indi<ator.Add 10 mL of saturated 
bromine water to the washings in the beaker. 
(The volume of the washings is normally in 

excess of 300 mL.) Place the sample cup in a 
50-mL beaker. Add 5 ml of saturated bromine 
water. 2 mL of HCI, and enough distilled water 
just to cover the cup. Heat the contents of the 
beaker to just below its boiling point for 3 or 4 
min and add to the beaker containing the bomb 
washings. Wash the sample cup and the 50-mL 
beaker thoroughly with distilled water. Remove 
any precipitate in the cup by means of a rubber 
policeman. Add the washings from the cup and 
the 50-mL beaker, and the precipitate, if any, 
to the bomb washings in the 600-mL beaker. 
Do not ftlter any of the washings, since ftltering 
would remove any sulfur present as insoluble 
.material. 

5.5 Determination of SulfUr-Evaporate the 
combined washings to 200 mL on a hot plate 
or other source of heat. Adjust the heat to 
maintain slow boiling of the solution and add 
10 mL of a BaCI, solution, either in a ftne 
stream or dropwise. Stir the solution during the 
addition and for 2 min thereafter. Cover the 
beaker with a fluted watch glass and continue 
boiling slowly until the solution has evaporated 
to a volume approximately 75 mL as indicated 
by a mark on the beaker. Remove the beaker 
from the hot plate (or other source of heat) and 
allow it to cool for I hr before ftltering. Filter 
the supernatant liquid through an ashless, 
quantitative ftlter paper (Note 5). Wash the 
precipitate with water, ftrSt by decantation and 
then on the ftlter. until free from chloride. 
Transfer the paper and precipitate to a weighed 
crucible and dry (Note 6) at a low heat until 
the moisture has evaporated. Char the paper 
completely without igniting it, an~ t">nally ignite 
at a bright red heat until the residue is white in 
color. After ignition is complete, allow the cru~ 
cible to cool at room temperature, and weigh. 

Non 5-A weighed porcelain filter crucible (Se· 
las type) of 5 to 9-IIJil porosity may be wed in plaoe 
of the fLiter ~- In this case the precipitate is 
washed free of chloride and then dried to collSt.II..Dt 
weight at SOO :t 2.S"C. 

Non 6-A satisfactory means of drying, clw· 
ring. and igniting the paper and precipitate is to plaee 
the crucible conta.ining the wet f"tlter paper in a cold 
electric muffie fu..mace and to turn on the cunent 
Drying, cbarriDg. and ignition usually will """"' Bl 
the desired rate. 

62 

5.6 Blmik-Make a blank determination 
whenever new reagents. white oil, or other low~ 
sulfur combustible material are used. When 
running a blank on white oil. use 0.3. to 0.4 g 
and follow the 100rmal procedure. 
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6. Caladatloa 
6.1 Calculate the sulfur content of the sam

ple as follows: 
Sulfur, weight percent- (P- 8)13.73/W 

where: 
p - gnms of BaSO, obtained from sample, 
B - gnms of BaSO, obtained from blank, 

and 
W - gnms of sample used. 

1. Report 
7.1 Report the results ofthetestto the near

est 0.01 %. 

.. Preelsloa 
8.1 The precision of this test is not known to 

have been obtained in accordance with cur
rontly accepted guidelines (for example in 
Committee D-2 Research Report RR: 002-
1007, "Manual on Determining Precision Data 
for ASTM Methods on Petroleum Products 
and Lubricants"). 

8.1.1 Rtp<aJability-The difference between 
two test results, obtained by the same operator 
with the same apparatus under constant oper• 
ating conditions on identical test material. 
would in the long run, in the nonnal and 
J'Q!!~!~tion of the test mel!!~ exceed_t!!_t;. 
following values only in one case in twenty: 

8.1.2 Rtprodru:ibility-The difference be-

63 

D 129-@ 111 

tween two single and independent results ob
tained by different operators working in differ
ent laboratories on identical test material 
would, in the long run, in the normal and 
correct operation of the test method, exceed the 
following values only in one case in twenty: 

Sulflu, 
weipt percent 

0.1 to 0.5 
0.5 to LO 
I.Oto 1.5 
1.5 to 2.0 
2.0 to s.o 

0.04 
0.06 
0.08 
0.12 
0.18 

Reproducibility 
0.05 
0.09 
0.15 
0.25 
0.27 

Non 7-The precision shown in the above table 
does not apply to samples containing over 2 % chlo-
rine because an added restriaion on the amount of 
sample which can be ignited is imposed. 

Non 8---This method has been cooperatively 
tested only in the range ofO.l to S.O% sulfur. 

NoTE 9-The following information on the pre· 
cision of this method has bcc:n developed by the 
Institute of Petroleum (London): 

(a) Results of duplicate tests should not differ by 
more than the following amounts: 

Repeatability Reproducibility 
0.016x +0.06 0.037 x + 0.13 

where .x is the mean of duplicate test results. 
(b) These---precision values .were_obtained in _ _l%0 

by statistical examination of interlaboratory test rc
sults.1 No limits have been established for additive 
concenuates. 

===· ·--·----· 
1 IP SWlda:rds for Petroleum aDd Its Products, Part I, 

Appendix E. 
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CHLORIDE BY AUTOMATED FERRICYANIDE 

EPA METHOD 325.2 

WESTON SOP OP21-15-0325.2 





01/01/90 DLST 

OPERATING PRACTICE 
CHLORIDE 

RJR AFT 

INORGANIC ANALYSIS PROTOCOL 
CHLORIDE AUTOMATED FERRICYANIDE 

21-15-0325.2 

1.0 PURPOSE 

The determination of chloride in water and '"astes. 

~.0 REFERENCE 

2.1 40CFR136 -Guidelines Establishing Test Procedures for the Analysis of Priority Pollutants, Revised as of l July 1988. 

2.2 ALPCHEM Rapid Flow Analyzer Operator's Manual. 

2.3 Standard Methods for the Examination of Water and Wastes, 16th Edition, 1985, Method 4070. 

2.4 EPA-600/4-79-020, Methods for Chemical Analysis of Water·and Wastes, March 1983, Method 325.2 

3.0 PRINCIPLE 

Thiocyanate is displaced from mercuric thiocyanate by the chloride ion. The liberated thiocyanate reacts with ferric ion to form the colored complexes [Fe(SCN)]++. The amount of complex formed, is directly proportional to the concentration of chloride complex and is measured at 480 nm. 

4.0 INTERFERENCES 

There are no significant interferences. 
samples before analysis. 

5.0 METHOD DETECTION LIMIT 

5 mg/L 

6.0 OPTIMUM CONCENTRATION RANGE 

Filter turbid 

5 mg/L to 100 mg/L, range can be extended through dilution. 

7.0 REAGENTS 

replaces OP 21-15-0325.2 dated 07/01/89 page 1 of 9 
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01/01/90 DLST RJR 

OPERATING PRACTICE 
CHLORIDE 

AFT 21-15-0325.2 

7.1 Stock Ferric Nitrate: Dissolve 202 g of ferric nitrate Fe(N03)3·9H20 in approximately 500 mL of deionized water contained in a 1 L volumetric flask. Add 31.5 mL of nitric acid. Dilute to the mark with deionized water and mix well. 

7.2 Stock Mercuric Thiocyanate: Use purchased reagent 0.42% in methanol. If unavailable, dissolve 4.17 g of mercuric thiocyanate in about 500 mL of methanol in a 1 L volumetric flask. Dilute to the mark with methanol and mix well. 

CAUTION: Mercuric thiocyanate is a poison. Do not breath dust, wash thoroughly after handling. Methanol is flammable. Ingestion may be fatal or cause blindness. Avoid prolonged breathing vapor. Use both materials only with adequate ventilation. 
7. 3 Chloride Color Reagent: Adg 150 mL of stock ferric nitrate arid 150 mL of stock mercuric thiocyanate to approximately 500 mL of deionized water in a 1 L volumetric flask. Dilute to the mark with deionized water_and--mi-x--we-lol--.-----F'il-ter through---a·-whatnran ·41· fTlt-er paper or 0.45 urn Millipore filtering system. 
7.4 Nitric Acid Solution: Add 15.8 mL of concentrated HNOJ to 800 mL of deionized water in a 1 L volumetric flask. Dilute to the mark with deionized water. Add 1 mL of Brij-35, 30% solution and mix well. 
7.5 

8.0 

8.1 

8. 1. 1 

8 .1. 2 

Diluent: Add 1 mL of Brij-35, 30% solution to 1 L of deionized water and mix well. 

STANDARDS 

Calibration standards 

Stock Standard (10,000 ppm) Dissolve 16.4866 g of dry sodium chloride in approximately 900mL of deionized water contained in a 1 L volumetric flask. Dilute the solution to the mark with deionized water and mix it well. 

Intermediate standard (1000 ppm) Add 100 mL of stock standard to about 500 mL of deionized water in a 1 L 

replaces OP 21-15-0325.2 dated 07/01/89 page 2 of 9 
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8 .1. 3 

8.2 

8.2.1 

9.0 

10.0 

11.0 

12.0 

DLST RJR 

OPERATING PRACTICE 
CHLORIDE 

AFT 21-15-0325.2 

volumetric flask and dilute to the mark with deionized water, and mix well. 

Working Calibration Standards: To a series of 100 mL volumetric flasks add the indicated aliquots of the stock calibration standard. Dilute to the mark with deionized water, and mix well. 

Volume of 1000 ppm Intermediate 
stock standard fmLl 

0 
0.1 
0.5 
1.0 
2.5 
5.0 

10.0 

Concentration 
Cmg/Ll 

0 
1 
5 

10 
25 
50 

100 

Calibration Verification Stock Solution ( 10, 000 ppm) Dissolve 21.02 g of dried potassium chloride in approximately 900 mL deionized water contained in a 1 L volumetric flask. Dilute to the mark with deionized water and mix well. Make an intermediate 1000 ppm and dilute it per 8.1.2. 

Calibration Verification Standard - CCV (25 ppm) Add 2. 5 mL of intermediate 1000 ppm solution to a 100 mL volumetric flask. Dilute to the mark with deionized water, and mix well. 

INSTRUMENT PARAMETERS 

Alpkem Rapid Flow Analyzer 300 

PRESERVATION 

None; collected in plastic or glass containers. 

HOLDING TIME 

28 days 

PROCEDURE 

replaces OP 21-15-0325.2 dated 07/01/89 page 3 of 9 
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12.1 

12.2 

12.2.1 

12.2.2 

12.2.3 

12.2.4 

12.2.5 

12.3 

12.3.1 

12.3.2 

DLST RJR 

OPERATING PRACTICE 
CHLORIDE 

AFT 21-15-0325.:? 

Instrument: Turn on the system with the switch located on the main function box behind the instrument. Warm up time is ten minutes. 

Autosampler: 

Switch on the peck cycle button, located in the rear right side of the sampler. 

Set the wash time to 20 and the sample time to 25. 
Set stop count to the required number, correspondent to the number of samples to be analyzed. 

Push reset to store the above information sampler memory. Push the reset button again, stop count is increased and restart. 

in the 
if the 

Load sample tray in the following order: 

SML1 ID .Qm__j ID 

1 STD 100 18 Blk 
2 STD 100 19 Blk ___ ._3 .. _ -Elk - - 20. ------- ---------%--srro-- To IC\r 4 Blk 21 % STD 10 IC\1 5 Blk 22 Blk ICB 6 STD 100 23 Blk ICB 7 STD 100 24 Sarrple #1 8 STD 50 I I 9 STD 50 v v 10 STD 25 33 Sarrple #10 11 STD 25 34 % STD CCV 10 mqjL 12 STD 10 35 Blk CCB 13 STD 10 Repeat pattern of cup 24-> 14 STD 5 35 always end run with a 15 STD 5 CCV follaved by a CCB. 16 STD 1 

17 STD 1 

Analytical Cartridge Module 

Gently place the 200 - 1 mg/L chloride cartridge in the second lot of the module. 

Insure that the tubing is installed as diagramed in Alpchem method number A303-5090-04. 
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12.3.3 

12.3.4 

12.4 

12.4.1 

12.4.2 

12.4.3 

12.4.4 

12.5 

12.5.1 

12.5.2 

12.5.3 

DLST RJR 

OPERATING PRACTICE 
CHLORIDE 

AFT 21-15-0325.2 

Connect a 12 mm flowcell to the cartridge. 

The dialyzer must be fitted with a type "C" membrane, following the directions for membrane replacement on page 13 through 15 of the Alpchem manual. 

Micro Pump 

Fasten pump tubes from cartridge on the closest section of platen. 

Close and secure all four platens to set the pump in motion. 

All lines should be immersed in deionized water, with the exception of the Brij solution line which should draw Brij treated water. 

Six solenoid valves, located in a row at the rear of the pump, control air injection. Two valves are required for this cartridge. The air output nipples are in the center of each valve. The corresponding inlet nipple is beside the center output nipple. Refer to method diagram to place this tubing. Air should be injected into the cartridge at the bottom of the downstroke of the platen. The timing of air injection is controlled by the small screws beside each valve and the main screw control to the right. Further explanation of a proper flow pattern can be found on pages 3 through 7 of the Alpchem Manual. 

Photometer: 
analysis. 

Use the center photometer for this 

Secure 480 nm filters, mirror photometer·, into the sample and filterholders, using the set screws. 

side facing the 
reference channel 

Install a 12 mm flowcell into the flowcell holder. 
Gently slide the flowcell holder along the holder guide to meet the filter holder. Secure this with its set screw. Avoid bending the fiber optic cable attached to the flowcell holder. Tubing from the cartridge should be attached before installation as diagramed in the manual. 
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12.5.4 

12.5.5 

12.5.6 

12.5.7 

12.5.8 

12.5.9 

12.5.10 

12.5.11 

12.5.12 

12. 6 

12.6.1 

12.6.2 

12.6.3 

DLST RJR 

set the lamp to 4S. 

OPERATING PRACTICE 
CHLORIDE 

AFT 21-15-0325.? 

Set the standard calibration to about 4.40. This may need to be adjusted to achieve 95% scale peak height for the 100 mgjL standard. 

Turn the bubble gate switch on and set the gate delay as instructed in the RFA manual on pages 10 through 16. 
set the function switch to the reference position. Adjust the coarse and fine gain so that the LCD reads 5.00 ± .02. 

Set the function switch to the sample position. Adjust the coarse and fine gain so that the LCD reads 5.00 ± 0.02 volts. 

Set the function switch to the absorbance position. The LCD voltage should read 0 ± 0.02. If the voltage shows excessive deviation or fluctuation the bubble gate may neecl adjustment. Refer to the RFA manual ]Jages1o through 16. 

After a good baseline is established on deionized --wa.ter,---imme'Fse---t:he i.-abel-l-eu--J:-i-ne-s--1.n-El1e-corresp6.!1ding reagent containers as diagramed in the manual. The system is equilibrated when the absorbance increases sharply. 

Readjust the LCD voltage back to 5.00 volts on the reference and sample channels as previously described. 
The function switch must be in the absorbance position for the analysis. 

Recorder 

Attach DC cable #2 from the recorder output on the photometer to the recorder. The side showing tow wires should face front. Use the center ·control panel for the second pen. 

Set the VAR/CAL switch to VAR. 

Set the CAL dial to 10 volts. 
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12.6.4 

12.6.5 

12.6.6 

12.6.7 

12.6.8 

13.0 

DLST RJR 

OPERATING PRACTICE 
CHLORIDE 

AFT 21-15-0325.2 

Set the baseline with the zero knob < 0 >. 

Set the chart paper to full scale with the VAR knob. 
Set chart paper speed to 1 cmjmin. 

Put the chart drive in the forward position to run. 

Put the pen down. 

QUALITY CONTROL 

Calibration curves must be composed of a minimum of a blank and 5 standards. Linear calibration curves must have a minimum correlation coefficient of 0.996, which must be reported with the raw data. 

Calibration curve must be verified with a mid-range check standard prepared independently from the calibration curve standards. The check standard must not vary more than fifteen (15%) percent from the true value. 

Calibration verification will be performed with a calibration blank and check standard after every ten samples and at the end of the analysis. The check standard must not vary more than fifteen (15) percent from the true value. 

Dilute samples if they are more concentrated than the highest standard or if they fall on the plateau of a calibration curve. 

A minimum of one preparation blank must be analyzed per sample batch to determine if contamination has occurred. For this parameter, the calibration check blank and preparation blank are equivalent. 

Duplicate laboratory control samples (LCS) will be included with each sample batch of 20 samples. The analyzed result must not vary more than 15% from the true value. For this parameter, the LCS and the calibration check standard are equivalent. 

Matrix spike and duplicate samples must be analyzed as requested by the client. 
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14.0 

15.0 

16.0 

17.0 

dvn\sop\op2115\0325.2 

DLST RJR 

CALCULATION 

OPERATING PRACTICE 
CHLORIDE 

AFT 21-15-0325._ 

Use the first order equation y = ms + b to perform a linear regression analysis of standard concentration versus instrument response. 

METHOD PERFORMANCE 

Laboratory control charts will be maintained for laboratory control standards. Accuracy and precision will be based on the laboratory control standard. 

ANALYSIS RATE 

One analyst can set up and run a calibration curve in 1 hour, sample analysis is conducted at approximate rate of 100 samples per day. 

SAFETY 

Fully fastened lab coat and safety glasses must be worn. 

All damaged or broken glassware should be discarded immediately. 

Immediately clean up any materials spilled on floor, in hoods or on bench tops. 
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OPERATING PRACTICE 
CHLORIDE 

DLST RJR AFT 21-15-0325.2 

~HLORIDE 

ANALYST BATCH ~~;;~;;. CAL-STD:FISHER NaCl DATE;.::;,;;:::::;;:::== i•i"RI<SHT ICV/CCV:EM KCl 
ALPKEM RFA-300 CCRR.COEF 
EPA METHOD 325.2 ~OLORIMETRIC AUTOMATED FERRICYANIDE ANALYSIS 

STD/RFWt Cl ;ng/L OIL %SOL g/mL Cl mq/kg COMMENTS 

·-

UNLESS OTHERWISE NOTED: 
ALL ICV/CCV = 25.0 mg/L VERIF<I~E:D======= DATE_ 
ALL MATRIX SPIKES = 10.0 mg/L 
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0173L 

HEAT OF COMBUSTION BY BOMB CALORIMETER (BTU) 

ASTM METHOD 0240 

WESTON SOP 15-009 





D!it.@U 0!1/08/89 
Revilllion No. : 2 
RWilllled by: GLR 
Approv~~ad by: 

1. TITLE~ Heat ot Combustion by Bomb Colorimeter (BTU) 
Ref! ASTN 0240 
SOP fl!S-009 

Container, preservation, and holding times may vary and i& 
oic:pcndcnt on oamplc ~trill:, method cf choice, li:'I!ICJiulal:c::.ey 
compliance, and/or specific contract or client requests. 
Liat9d below are the hOldin9 time~ ~ tne references that 
include container and preservation r111QU!reents for compliance 
with the safe Drinking Water Act (SDWA) and The Clean water 
Act (CWA), 

REGULATION 
CWA 
SDWA 

2 • S'I:JMMAR'l!' : 

HOLDING 'l'IQ 
21!1 Dayllil 
211 Days 

:REFERENCE 
C:F.R 40 pt. 136,3 
EPA-570/9-82-002 

Raat of comhuation is determined by burning a specific amount 
of a sample in an oxygen bomb colorimeter. Without losing 
any of the sample or its combustion products, the burning 
process · converts any solid or liquid combustible sample into 
soluble form ready for analysis. All hydrocarbons are 
oxidi:uad to carbon r:Uoxide and water during the reaction, 
While IIIIUlfur compounds are converted into oxides and absorbed 
in a small volume of water in the bottom of the bomb. Any 
mineral corustituants reain as IUih whil• other inorganic 
eleent111 such 111111 a:numic, boron and any halogens are recovered 
in the bomb washings. The heat of combustion is computed from 
the change of temperature before and after iqnition, with 
proper allowancea or thermochemical and heat transfer 
correct:l.ona. 

Nona 

500 M'tl/lb 

:ll. INSTR'UMINTATION and EQUII?MEN'I'/APPARATU'S: 

Parr Adiabatic Colorimeter 
Pa~ 1901 Oxyqen Bomb apparatus 
Analytical b&lancG 
Oxy9ez1 tank 
sample bomb cmp111 
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4 • PREVENTATIVE MAINTENANCE: 

4.1 Chacktha aaal on the oxyqen bomb periodically for cracks and wear. Replace if necessary to prevent oxyqen leakaqe. 
4.2 The water bath before iqnition should ranqe from 22 c to 27 C to prevent the temperature rrom qoinq out of range on the therm0111eter, · 

4. 3 The analytical balance should be leveled and zeroed before weighinq samples. 

4.4 sample cups should be soaked in nitric acid, scrubbed and dried at 105 c before usinq. 

5, REAGENTS: 

5.1 Methyl Red Indicator: Dissolve 100 mq methyl red in 100 ml ethyl alcohol, 

Life of Reagent; one year 
Storage Requirements: none 

5.2 o.o725N NaOH Solution: In a 1000 ml volumetric, dissolve 2.9 q NaOH in BOO m1 or water. Place in water bath on a ltir plate. Mix well. Brinq to volume with DI water. 
Life of Reaqent: one year 
storaqe _R!quir.:._am8_~~--.~--!lone ________ -·-···---

5.3 Ethylene qlycol - purchased from CMS 

5.4 Benzoic acid - purchased from CMS 

6, PROCEDURE: 

6.1 S~LE SIZE: 

App:.:o:d.aately 2. g:t>- of •-ple is 1.1seci. If othylono glycol or benzoic acid is used, approximately 0.5 qrams of sample .is used . with approximataly 0.5 grams: of ethylene qlycol or benzoic acid. (Ethylene qlyool is added to a solid sample which will not burn by itself. Benzoic acid is added to a liquid sample which does not bu,-n. 

6.2 standardization: 

A benzoic acid tablet (0.9 q- 1.25 g) is analyzed twice. The average value obtained from these two runs is a constant, w. The W value is re-analyzed after every 10 samples, not to exceed l3 for each bomb in the followinq procedure. 
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Quality Cgntrplt 
Preparation Blank (PB) 
Lab Control Stand.(LCS) Lab Control Stand. Dup. Matrix Duplicate 

rreQuan.ey 
:1. in 2 o Bamplelll 
1 in 20 111amples 
l in 20 sample111 
l in :.10 sample• 

6.4 Preparation of Quality Controls: 

Contrql Lilni't 
control chart 
control chart 
control chart 
control chart 

6.4.1. Preparation Blank (PB) - bODh one benzoic acid tablet of about 1.0 q and use washings tor procedural check in t Sulfur analysis. 
6,4.2. Lab Control Standard (LCS) and LCS Duplicate -Bomb one benzoic acid tablet ot about one gram. 

6. 5 Procedure; 

6.5.1. Weiqh out approximately 1.0 q of sample (making the necessary allowances when sthylene qlycol or benzoic acid is used) on an analytical balance. 
6.5.2. Add a small amount of DI water to the bomb, and seal the bomb shut. 
6. 5, 3 • PllrlJe the bo:mb with oxyqen to 3 o atmospheres. 00 NOT OVERCHARGE 'l'HB BOMB& If by accident the oxygen introduced into the baBb should exceed 40 atmoepheres, ~o not proceed to combustion. An exploeion could occur with possible violent rupture to th• bomb, Rslease t.he air pressure and proceed in the usual manner. 
6.5.4. Use the same amount (0.5 q) of DI water in the colorimeter veaael for each test. To do so, empty the entire water reservoir into the colorimeter tor each analysis. 
s.s.s. Ai!lewble the oolorimeter in the jacket, making mure the 111tirrer i111 revolving. 
6, 5, 6. Allow the toperature to equilibrate, and record the initial temperature. 
6.5.7. When both thermometer111 arl!l the same (O.Ol), push the ignite button and watch for the temperature to ri11111111, 

6.5,$, After aix minutes of from firing, b~qin reading the temparature every minute. 
Iii. !li, g. When th4l tGl!lpllilrat'lln! is the 1!110!11!1 for three 
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consecutive minutes, record the final temperature. (If the temperature does not rise, sample will have to be re-analyzed.) 
~.5.10. Remove the bomb and release the pressure at a uniform rate in a tume hood. 
6.5.11. Examine the interior of the ~ to confirm that com))ustion was OOliiPlete (nall amounts of ash may be present). · 
6.5.12. Meaaure the unburned firing wire, sUbtract from the original length and record as residual wire (calol'ies). 

6. !5 .13. Wash the interior of the boll]:) with DI water. 

6.5.14. Collect the washings into a graduated cylinder. 

6.5.15. Brinq up to a volume of 250 al or 500 ml, depending on the number of analysis to be performed on the sample. 
6.5.16. Titrate 50 ml of the washings with o.0725N NaOH, usinq methyl red indicator. 

7 , CALCULATIONS : 

W• Bm+e 

Where: 

t 
,.,... ···~ 

a • residual wirw in calories H = heat of combustion of benzoic acid in caljqram m • mass of benzoic acid used t • temperature rise 
7.2 BTU/lb: 

BTU/lb = [ tfW) - NaQH(d) - E.G. or B.A. - Res.wire - XJ Sample Weight (q) 
Where: t • change in temperature, W • standard Bomb Value, NaOH • mls 0.0725 N NaOH titrated, d- dilution factor (if final volume ie 2!50 Dll., then d - s: if final volume is 500 ml, then d - 10), 

E.G. (ethylene qlycol) • (4425 cal/9') (qms E.G.) B.A. (benzoic acid) - (6318 cal/q) (gma ot B.A.) 
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Ree.wire = amount of ~urned wire in calories 
X c ~ Sulfur, if t sulfur is >O.lt then: 

X - (tB) (14) (sample wt. in qm) 

7. 3 LCS and LCB Dup ' Recovery ( tR) 1 

'R = obse;ved concentration x 100 
actual concentration 

7.4 Matrix Dup. and LCSD Relative Percent Difference (RPD): 

RPD = differtnOf X 100 
mean 

8 • QUALI'l'l' CON'rROL: 

At least one method blank and at least two Lab Control 
Standards (LCS) will be included in each laboratory lot of 20 
samples. Reqardlese of the matrix beinq processed, the LCS and 
method blanks will be in an aqueous media. 

The method blanks will be examined to determine if 
contamination is being introduced in the laboratory, 

The LCS will be examined to determine both precision and 
accuracy. 

Accuracy will be measured by the percent recovery (tR) of the 
LCS. The recovery must be in ranqe, as determined by 
statistical analysis, in order to be considered acceptable. 
Additionally, tR will be plotted on control charts to monitor 
method accuracy. 

Prec::illion will be maasured by the reproducibility of both LCSs 
and will be calculated as Relative Percent Difference (RPO). 
Results must agree within statistical control limits in order 
to be considered acceptable. 

9 • CORRECTIVE ACTIONS: 

!il .1 Listed below are 111tep111 to bl! taken when an cn.rt of control 
situation occur111. The analyst MUST: 

9.1.1. demonstrate that all of the problems creating the 
out of control situation were addressed, 

!11.1, 2. document th~~a problem and thllli action that was taken 
to correct the problem on a corrective action 
report fom, 

9.1.3. document on a corrective action report that an in 
control situation ha~ been achieved, and 

9.1.4. receive approval (lllignature) of ths unit leader,QA 
personnel, or th~~~a laboratory manag111r prior to ths 
rslease of any ~malytical data l!llilllilociated with thlil 
problem. 

E-83 



9.2 Lietad below are soma suggested courses of actions 
that may be taken to correct out of control situations 
th~t mAY occur with thi• procedure; 

9.2.1. Laboratory Control Standards (LCS): 
- If the LCS is low; 
- determine the source of error within the sample 

preparation and repeat the aet, WRI~E A CAR. 
• If the LCS is high# . 
- check for source of contamination, 
- correct for contamination and repeat set, WRITE 

A CAR, 

9.2.2. Laboratory Control Standard Duplicate (LCSD): 
- The LCS duplicate must meet all control limits 

as LCS in addition to limits set for precision 
(same corrective action as LCS). 

9.2.3. Preparation Blank (PB): 
- reanalyze PB to verify that it is beyond 

detection limit: 
- check and correct for any source 

of contamination, 
- repeat sample set, 
- in the extreme case where all samples in the set 

are .. at least ten times greater than the PB, 
reanalysis will not be required, WRITE A CAR. 

_ ___ _ ____ __9_.2 • .4._Matr.ix_DupliaateL~ -----~------
- the aample must be reprocessed and reanalyzed; 
- if the reanalysis is still out Of control, then 

the sample &at will be ticked with a "N" 1 
- regardless of the outcome of the reanalyasis, a 

CAR will be written and approved. 

10. ~H and SAFETY: 

As always, general laboratory aafety practices should always 
be followed. Wasta samples should be handled with care due to 
the uncertainty of the properties anc! contents involved, Refer 
to the specific MSDS for the hazardous properties of any 
chemical or reagent involved in this procedure. 

Many samples for BTU are hazardous. Therefore 
should be usee! when hanc!linq the samples. 
glasses, qloves and a lab coat if desired. 

extra caution 
Wear safety 

Release the oxygen from the bomb under a fume hood. 
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An Amorican Ne.lionel St&ndald 

Standard Method for 

lABORATORY DETERMINATION OF WATER (MOISTURE) 
CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE 
MIXTURES' 

T1tis stud.ud is issued under t.be futed designation D 2216: the number immediately roUowing the d~on i..a.dicates the 
year of original adoption or. in the case of revlSion. the yeu of last revision. A number in parmtbea::s iDdicateatbe year of last 
reapptoval. A supcnaipt epnlon (f) indicates an editorial change since the last revisioa or reapproval. 

t.s.:..,. 
1.1 This method covers the laboratory deter~ 

m.ination of the water (molsture) content of 
soil. rock, and soil-aggregate mixtures by 
weight. for simplicity, the word "material" 
hereinafter refers to either soil. rock. or soil· 
aggregate mixtures. whichever is most applica· 
ble. 

1.2 The water content of a material is de· 
fmed as the ratio, expressed as a percentage, of 
the mass of "pore" or "free .. water in a given 
mass of material to the mass of the solid ma
terial panicles. 

1.3 This method does not give true repre
sentative results for. materials containing sig
nificant amounts of halloysite. montmorillon
ite, or gypsum minerals; highly orgarti<: soils; 
or. materials in which the pore water contains 
dissolved solids (such as salt in the case of 
marine deposits). for a material of the previ
ously mentioned types. a modified method of 
testing or data c.alculation may he established 
to give results consistent with the purpose of 
the test. 

2. S..O...I!QnfMe-
2.1 The pw:tic.al application in determining 

the water CCH!lte:Dt of a materi.al is to determine 
the ,.... of water removed by dsying the moist 
material (teot specimen) to a constant ,.... in 
a drying oven controlled at 110 ± s•c and to 
use this value as the mass of water in the test 
specimen. The mass of material remaining after 
oven-drying is used as the mass of the solid 
particles. 

3. SigDI!k"""e 11101 Uoe 
3.1 for many soil types. the water cootent is 

one of the most significant index properties 
used in establishing a correlation between soil 
hehavior and an index property. 

3.2 The water oontent of a soil is used in 
almost every equation expressing the plwe 
relatioDBhips of air, water, and solids in a given 
volume of material. 

3.3 In fme-grained (cohesive) soils, the con
sistency of a given soil type depends "" ils 
water content. The water content of a soil, 
along with its liq!lid and plastic limit, is used to 
express its relalive consistency or liquidity in· 
dex. 

3.4 The term "water'' as used in geoteclulicol 
engineering, is typically assnmed to he "pore" 
or "free" water and not that which is hydrated 
to the mineral surfaces. Therefore, the water 
content of materials containing significant 
amount:s of hydrated wates at in-situ tempen
tures or less than 11o•c can he t!lisleadillg; 

3.5 The term "solid particles" as used in 
geotechnic.al engineering, is typic.ally osswned 
to mean naturally occ:uning mineral particlea 
that are not readily soluble iB water. Therefore, 
the water content of materials """t.llininB extra
neous matter (such ... cement, etc), wateir-sol
uble matter (such as salt) and highly orgarti<: 
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matter typically requite special treatment or a qualified definition of water content. 

4. Appuahlll 
4.1 Drying Oven, tbermostaticaUy-con-trolled. preferably of the forced-draft type. and 

maintaining a uniform temperature of 110 ± 
5°C throughout the dryrng chamber. 

4.2 Balances. having a precision (repeatabil
ity) of ±0.01 g for specimens having a mass of 
200 g or less. ±0.1 g for specimens having a 
mass of between 200 and I 000 g. or :!: I g for 
specimens having a mass greater than 1000 g. 4.3 Specimen Conuliners~Suitable con
tainers made of material resistant to corrosion 
and a change in mass upon repeated heating, 
cooling. and cleaning. Containers with close
fitting lids shall be used for testing specimens having a mass of less than about 200 g; while 
for specimens having a mass greater than about 
200 g. containers without lids may be used 
(Note 1). One container is needed for each 
water content determination. 

6.2 The manner in which the test specimen is selected and its required mass is basically 
dependent on the purpose (application) of the test. type of material being tested, and the type 
of samp~e (specimen from another test. bag, 
tube, split-barrel, etc.). In all cases, however, a 
representative ponion of the total sample shaU 
be selected. If a layered soil or more than one 
soil type is encountered, select an average por
tion or individual ponions or both. and note 
which ponion(s) was tested in the repon of the results. 

6.2.1 For bulk samples. select the test speci
men from the material after it has been thor
oughly mixed. The mass of moist material se
lected shall be in accordance with the following table: 

Sieve Relainin! More Than 
About to% of S.ample 
2.0 mm {No. 10) sieve 
4.75 mm (No.4) sieve 
19ttun 
JS mm 
76 mm 

RC(;Ommc:ndcd Minimum 
Mass of Moist Spcci.men, 

g 
100 to 200 
300 to 500 
500 to l<nl 

1500 to 300J 
5000 to 10 000 

Non 1-The purpose of clo5e-titting lids is to prevent loss of moisture from specimens before initial weighing and to prevent absorption of moisture from 6.2.2 For small (jar) samples, select a reprethe atmosphere following drying and before fmal sentative portion in accordance with the follow-weighing. ing procedure: 
4.4 Desiccator-A desiccator of suitable size 6.2.2.1 For cohesionless soils, thoroughly (a convenie_nt __ size __ ~- -~{)Q ___ ~<:) --~s_q._~ ___ dia,[oe_ter) nm ____ the __ material,---then select -a- test- specimeri containing a li}'diouS silica geT. This equipment having a mass of moist material in accordance is only recommended for use when containers with the table in 6.2.1. See Note 2. having close-fitting lids are not used. See 7.4.1. 6.2.2.2 For cohesive soils, remove about 3 -----~- ____ !ll[tl_of maJeriaUmm1he.exposed-periphery-of 

5.1 Keep the samples that are stored prior to testing in noncorrodible airtight containers at 
a temperature between approximately 3 and 
30°C and in an area that prevents direct contact with sunlight. 

5.2 The water content determination should 
be done as soon as practicable after sampling, especially if potentially corrodible containers 
(such as steel thin-walled tubes, paint cans, etc.) 
or sample bags an used. 

6. Test Spoclmett 
6.1 For water contents being determined-in conjunction with another ASTM method. the 

method of specimen selection specified in that method controls. 
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the sample and slice it in half (to check if the 
material is layered) prior to selecting the test 
specimen. If the soil is layered see 6.2. The mass of moist material selected should not be 
less than 25 g or should be in accordance with 
the table in 6.2.1 if coarse-grained panicles are 
noted. (Note 2). 

6.3 Using a test specimen smaller than the 
minimum mass indicated previously requires 
discretion, though it may be adequate for the purpose of the test. A specimen having a mass 
less than the previously indicated value shaH be noted in the repon of the results. · 

Non 2-In many cases, when worting with a small sample coa\a.ining a relatively large coarsegrained particle, it i.!1 appropriate not to include this particle in the tea !pecimen. If this occurs. it should be noted i.n the report of the results. 
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1. fie · 
7.1 Seloct "''"""""tative test specimens in ..,.,n~anc:e with Section 6. 
7.2 Place the moist specimen in a clean. dry container of known mass (Note 3 ), set the lid securely in position. and determine the mass of the container and moist material using an a.P"' propriate balance (4.2). Record these values. 7 J Remove the lid and place the container with moist material in a drying oven maintained at 110 ±soc and dry to a constant mass 

(Notes 4, 5, and 6). 

Non 3-To assist in the oven-drying of large test specimens. they should be placed in containers having a large surface area (such as pans) and the material broken up into smaller aggregations. NOTE 4-The time required to obtain constant mass will vary depending on the type of material siZe of specimen, oven type and capacity. and other factors. The influence of these factors generally can be established by good judgment, and ex.perience with the materials being tested and the apparatus being used. In most cases.. drying a test specimen over night (about 16 b) is sufficient. In cases where there is doubt concerning the adequ.acy of drying. drying should be continued until the mass after two successive periods (greater than \7 b) of drying indicate an insignificant change (less than about 0.1 %). Specimens of sand may often be dried to constant mass in a period of about 4 h. when a forced-draft oven is used. 
NoTE 5-0ven-drying at 110 ± S~'C does not always result in water content values related to the intended use or the basic definition especially for materials contairung gypsum or other minerals having significant amounts of hydrated water or for soil cont.a..ini.ng a significant amount of organic material. In m.a.ny cases. and depending on the intended use for these types of materials., it might be more applicable to maintain the drying oven at 60 ±sec or we a vacuum desiccator at a vacuum of approximately 133 Pa (10 mm Hg) and at a temperature ranging between 23 and 60~'C for drying. If either of these drying methods are used, It should be noted in the repon of the results. 

Non 6-Since some dry materials may absorb moisture from moist specimens. dried specimens ~hould be removed before placing moist specimens tn the oven. However, this requirement is not applicable if the previously dried specimens will remain in the drying oven for an additional time period of about 16 b. 

7.4 After the material has dried to constant mass remove the container from the oven and replace the lid. Allow the material and container to cool to room temperature or until the container can be handled comfonabl y with 

bare hands and the operation of the balance will not be affected by convection currents. Determine the mass of the container and ovendried material using the same balance as used in 7.2. Record this value. 
7 .4.1 If the container does not have a lid, weigh the container and material right after 

their temperatures are such that the operation of the balance will not be affected by convection currents or after cooling in a desiccator. 

NoTE 7-Cooling i.n a desiccator is recommended since it prevents absorption of moisture from the atmosphere during cooling. 

8. Cakuiatioo 
8.1 Calculate the water content of the material as follows: 

where: 
w == water content, %, 
Wt = mass of container and moist specimen. g, 
W2 = mass of container and oven-dried spec-imen, g, 
We = mass of container, g, 
W. =mass of water, g. and 
W. == mass of solid panicles, g. 

9, Report 

9.1 The report (data sheet) shall include the following: 
9.1.1 Identification of the sample (material) being tested, by boring number, sample number. test number, etc. 
9 .1.2 Water content of the specimen to the nearest 0.1 % or I %, depending on the purpose of the test. 
9.1.3 Indication of test specimen having a mass less th3.D the m.inimum indicated in Section 6. 
9.1.4 Indication of test specimen containing more than one soil type (layered, etc). 
9.1.5 Indication of the method of drying if different from oven-drying at 110 ± s•c. 
9.!.6 Indication of any material (size and amount) excluded from the test specimen. 
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10. Precision ud Altlrewacy curacy of this test method have not yet been 10.1 Requirements for the precision and ac- developed. 

Thr A~ncan Soc1rry for Trntllg aNi Materiah laict'.t no poszrion re.rpecttng tilL validi~v of an)' paunr nghrs a.umed m ronn«tion witll lln)' uem nvtwol'led in /Jus :rtaNiard C/ser.1 of tJus standard are express(v advisbi tlwt determinatiM of the validilll ;;f any such pmnu nglus, and rlu risk of infringemem of su.ch nghts, ore mrue~v their own resporuibility. · 

This srandat'd is :rubjeellO rf"VUinn ar anv 11me b~· rhe re-spmmblr ur:hrucal romnmrer and miLit 1H rrvtn+~ed rverv five veor:r and if not rrvued.. eUirer reapproved Of' wllh.drawn. Your comments are mvued eirMr for revisiOn of rhis standard or for addiiional sran4lvdr and shoWJ 1H addres.ud ro ASTM Headquanen Your commurl.J w1ll rrceive canfu/ coru1derarion at a mntillg of the nspomible technical comwu~ue. wludr you mav auelld. If vou fulrhrU _I-'OIU commrnu ltavr nOll"eceJvrd a fau Mtu,,~y.u should I'I"'Iiu yoW" wrws known ro tltl! ASTM Comm1tUe on S.an.dat"ds. f<;Jo Ract St .. Philadelphia. Pa.. N/03. 

-----··---~ .. -·----------- ------·--·-
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PERCENT MOISTURE, PERCENT ASH 

EPA METHOD 209.0 

WESTON SOP OP21-15-0160.S 





OPERATING PRACTICE 
% SOLIDS, MOISTURE, 
ASH, and % VOLATILE SOLID 

01/01/90 DLST RJR AFT 21-15-0160.6 

INORGANIC ANALYSIS PROTOCOL % SOLIDS, % MOISTURE % ASH, AND % VOLATILE SOLID DETERMINATION PROCEDURES 

1.0 PURPOSE 

1.1 To determine the percent moisture and solid composition of waste materials. 

1. 2 To determine the % ash or fixed solid and volatile solid composition of waste materials. 
2.0 REFERENCES 

2.1 Laboratory Determination of Water Content of Soil, Rock and Soil Aggregate Mixture, ASTM 02216-80. 04.08 
2.2 Methods of Soil Analysis, Water Content Part 1, 21-2.2 2.3 standard Methods for the Examination of Water, and WastewatE 16th Edition, 1985. Method 209.0., Fixed and Volatile Solie Ignited at 55ooc. 

3.0 PRINCIPLE 

3.1 Percent Solids and % moisture determinations are made by drying a moist material to a constant mass in a drying oven. The masses of the sample before and after the drying procedure are used in calculating the percent of moisture and solid content of the original sample. 

J. 2 Percent Ash and % Volatile Solids are determined by igniting an already dried sample in a 55ooc oven. The mass that is left after ignition is the ash (or fixed solid) component, the mass that is lost is the volatile solid component. 

4.0 INTERFERENCES 

Non-representative particulates should be excluded from the sample if it is determined that their inclusion is not desired in the final result (ie. large rocks). 

replaces OP 21-15-0160.2 dated 07/01/89 page 1 of 6 
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01/01/90 DLST RJR 

OPERATING PRACTICE 
% SOLIDS, MOISTURE, 
ASH, and % VOLATILE SOLID 

AFT 21-15-0160.6 

5.0 METHOD DETECTION LIMIT 

0.10% 

6.0 OPTIMUM CONCENTRATION RANGE 

0.10-100% 

7.0 REAGENTS 

None 

8.0 STANDARDS 

None 

9.0 INSTRUMENTAL PARAMETERS 

10.0 

12.0 

12.1 

Any balance that can read 0.01 gram. 

PRESERVATION 

None 

None 

PROCEDURE 

Before starting, be sure that the balance has been checked with at least two Class P standard weights. These can be found in a desiccator in the balance room. Document the weights in the balance log book found by each one of the balances. Ensure that the weights are at least ± O.Olg of there true value. If there is a problem, please contact your supervisor. 
12.2 For % solids and % moisture determinations, weigh and record the weight of an empty aluminum pan to the nearest O.Olg. This is the tared weight. 
12.3 Add 5-log of sample to the tared aluminum pan. Weigh and record the weight to the nearest O.Olg. 

replaces OP 21-15-0160.2 dated 07/01/89 page 2 of 6 
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12.4 

12.5 

12.5.2 

12.6 

12.7 

12.8 

12.8.1 

DLST RJR 

OPERATING PRACTICE 
% SOLIDS, MOISTURE, 
ASH, and % VOLATILE SOLID 

AFT 21-15-0160.6 

Place sample and pan in drying oven set at 105oc. Dry the sample overnight (12-24 hours) but no longer than 24 hours. Note: Wear heat resistant gloves when handling hot containers. If the sample is dried less than 12 hours it must be documented that a constant weight was attained (see 12. 5). If the drying time exceeds 12 hours proceed to section 12.6. 
constant weight determination: 

Desiccate the sample 
to the nearest 0. 01g. 
the oven for at 
re-weigh and record. 
weight is achieved. 

for one 
Place 

least 
Repeat 

hour, weigh and record 
the sample back into 
one hour, destccate 

process until constant 

Constant weight is achieved when the loss of weight is no greater than 0.01g between each weighing. 
Place the dried sample in a desiccator hour. Take the sample out of the immediately weigh and record weight 0.01g. 

for at least one 
desiccator and 
to the nearest 

The calculation for % solids is as follows: 
% solids = Pan and dry sample wt.-pan wt. Pan and wet sample wt.-pan wt X 100 

The calculation for % moisture is as follows: 
% Moisture = 100% - % solids result 

Percent ash and % Volatile Solid determinations can be made using the dry sample obtained from the % solids or % moisture determination. Instead of using an aluminum pan a ceramic evaporating dish must be used. 
Prepare the evaporating dish by drying it in a furnace at 550 + 5ooc for at least 20 minutes. Note: Wear heat resistant gloves when handling hot containers. Remove dish from furnace and let it cool partially in the air until most of the heat has been dissipated. Desiccate the dish for at least one hour, and proceed with % solids determination using the dish instead of the pans (12.2 to 12.7). 

replaces OP 21-15-0160.2 dated 07/01/89 page 3 of 6 
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12.8.2 

12.8.3 

12.8.4 

12.9 

DLST RJR 

OPERATING PRACTICE 
% SOLIDS, MOISTURE, 
ASH, and % VOLATILE SOLID 

AFT 21-15-0160.6 

After the sample is dry, weigh and record the weight. Insert the dried sample in a furnace that is already warmed up to 550± 5ooc. Ignite the sample for at least 20 minutes. Remove and desiccate as before (see 12.8.1). Weigh and record final weight of ashed sample. 

Calculate % ash using this formula: 

wt. of residue a.rrl dish after ignition-wt. of dish x 100 = % Ash wt. of res~aue ara diSh before ~gmbon=wt. of dish 

Calculate % volatile solids using this formula. 

100% - % ash results = % Volatile Solids 

It is important to include the following information in the book when doing % solids, % moisture, % volatile solid and % determinations: 

12. 9. 1 Temperature and time in anc:L out of the oven, or furnace. 
12.9.2 Date analysis was started and completed. 

_ 12 . 9 . 3 __ __.TD- -Of -balanGe f'l:ohe-----same -bai-ance-·mu·st··-be ll.sed - :for all weighings) . 

12.9.4 Analysts signature for all entries. 

13.0 QUALITY CONTROL 

13.1 Analyze a minimum of one duplicate with every batch or every 20 samples. 

13.2 

15.0 

16.0 

Check the balance with at least 2 known standard weights each day. 

METHOD PERFORMANCE 

N/A 

ANALYSES RATE 

samples can be weighed out at a rate of one every two minutes. The samples then have to be put in an oven for at least 12 hours, dessicated for one hour and weighed back at an approximate rate of one per minute. 

replaces OP 21-15-0160.2 dated 07/01/89 page 4 of 6 
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17.0 

DLST RJR 

BlU'E'l'Y 

OPERATING PRACTICE 
% SOLIDS, MOISTURE, 
ASH, and % VOLATILE SOLID 

AFT 21-15-0160.6 

Fully fastened lab coat, safety glasses and latex gloves must be worn. 

Balances and ovens must be cleaned after use. Immediately clean up any materials spilled on floor, in hoods, or on bench tops. 

All damaged or broken glassware should be discarded immediately. 

replaces OP 21-15-0160.2 dated 07/01/89 page 5 of 6 
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TEMP TEMP DATE/IN IT. TIME ~~~E IN 0 T 

.. 

······· ----

Rfllil·ZI ·016tM·12:11!9 

dvn\SOP\OP2115\0160.6 

DLST RJR 

OPERATING PRACTICE 
% SOLIDS, MOISTURE, 
ASH, and % VOLATILE SOLID 

AFT 21-15-0160.6 

% SOL/% MST/% ASH DATA 

Log Book I 

INITIAL WT FINAL WT 
RFW < 

CONTAINER <same!'; , .-I INITIAL WT (Sample & FINAL WT WT cant 1ner SAMPLE Containe;l SAMPLE RESULT 

I .... 

"·~· ~------- -----. --- ---·· 

. 

Balance ID: 
Reviewed by: 
Date: 
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METALS PROTOCOL 

sw 846 3010/3020 

WESTON SOP'S OP21-15-3020.1 
OP21-15-0200.2 
OP21-15-0200.7 





\~~~.~ Analytics 
~~ Division 

Lionville Laboratory 

Metals Digestion 
Aqueous by ICP/AA Flame 
OP21-15-3020.1 
July 1989 
Version 0.1 
page 1 of 3 

INORGANIC ANALYSIS PROTOCOL METALS DIGESTION: AQUEOUS SAMPLES BY ICP/AA FLAME 

1.0 PURPOSE 

1. 1 This method describes a technique for the preparation of aqueous samples for the determination of trace elements in solution by ICP or AA Flame. 
2.0 SCOPE AND APPLICATION 

2.1 This method describes an acceptable sample preparation procedure for "total" element analysis; the procedure is a total recoverable acid solublilization procedure. Note: the ICP/flame AA digest is used for the determination of Sb by GFAA. 

3.0 PRESERVATION AND HOLDING TIME 
3.1 For the determination of total or total recoverable elements, the sample is acidified with (1+1) HN03 t~ pH 2 or less as soon as possible, preferably at the time of collection. 

3.2 The holding time is 180 days. 
4.0 INTERFERENCES 

4.1 For the determination of trace elements, contamination and loss are of prime concern. Dust in the laboratory environment, impurities in reagents, and impurities on laboratory apparatus are all sources of potential contamination. The collection and treatment of the sample requires particular attention to laboratory glassware, which should be thoroughly washed with detergent and tap water; rinsed with (1+1) nitric acid, tap water, (1+1) hydrochloric acid, tap water, and finally deionized, distilled water in that order. (Refer to OP 21-20-014). 
5.0 APPARATUS 

5.1 150 mL Griffen beakers, watch glasses, graduated cylinders, hot plate, funnels, filter paper (Whatman 42), thermometer (0-2000C). 

6.0 REAGENTS 

6.1 Hydrochloric acid cone. (sp gr 1.19). 
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\Y.Yj~ Analytics ~'<J...J\.1 Division 

Lionville Labaratory 

Metals Digestion 
Aqueous by ICP/AA Flame 
OP21-l5-3020.l 
July 1989 
Version 0.1 
page 2 of 3 

6.2 Nitric acid cone. (sp gr 1.41). 
6.3 Hydrogen peroxide (30%). 
6. 4 Deionized water, ASTM Type II from Milli-Q system (Q-water). 

6.5 2% HN03 (V/V), 2 mL cone HN03 per 100 mL Q-water. 
6.6 Labor a tory control stock solutions. 3000.4. Refer to OP 21-15-

6. 7 Mixed calibration standard solutions. Refer to OP 21-15-3000.4. 

7.0 

7.1 

7 .1.1 

7 .1. 2 

7 .1. 3 

7 .1. 4 

7 .1. 5 

7 .1. 6 

7.2 

7.2.1 

7.2.2 

7.2.3 

7.2.4 

7.2.5 

PROCEDURE 

ICP/Flame AA Digestion 

Shake sample vigorously to achieve homogeneity. 
Using universal litmus paper, check pH. than pH 2 in the digestion notebook and bute a sample discrepancy report. 

Note if greater 
completejdistri-

Pour 100 mL of sample into graduated cylinder then transfer into a 250 mL pyrex beaker. 
. ~---"-"- -

Add 2 mL 1:1 HN03; add 10 mL 1:1 HCl. 
Cover with a watch glass and heat until volume is less than so mL (Do not boil, do not reduce to less than 25 mL) . 
Cool sample, filter through Whatman 42 paper into a graduated cylinder, dilute to 100 mL with deionized water. Sample is now ready for analysis. Document sample appearance, and preparation information in digestion notebook. 

GFAA Digestion 

Shake sample vigorously to achieve homogeneity. 
Using universal litmus paper, check pH. Note if greater than pH 2. 

Pour 100 mL of sample into graduated cylinder, then transfer into a 250 mL pyrex beaker. 

cover with a watch glass and heat until volume is less than 50 mL (do not boil, do not reduce to less than 25 mL). 
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7.2.6 

8.0 

8.1 

8 .1.1 

8.2 

8.2.1 

~1 Ana1ytics 
VW~'W<J\J Division 

Lionville Labratory 

Metals Digestion 
Aqueous by ICP/AA Flame 
OP2l-15-3020.1 
July 1989 
Version 0.1 
page 3 of 3 

Cool sample, filter through Whatman 42 paper into a graduated cylinder, dilute to 100 mL with deionized water. Sample is now ready for analysis. Document sample appearance and preparation information in the digestion notebook. 

QUALITY CONTROL 

Method Blank 

A minimum of one method blank, consisting of deionized water must be processed through each sample preparation procedure for each batch of samples digested or each group of 20 samples, whichever is more frequent. 
Laboratory Control Sample 

Duplicate laboratory control samples must be processed through each sample preparation procedure for each b~tch of samples digested or each group of 20 samples, whichever is more frequent. 

8.3 Matrix Spike Samples are analyzed as requested by the client. 

8.4 

9.0 

9.1 

10.0 

10.1 

11.0 

Duplicate samples are analyzed as requested by the client. 
METHOD PERFORMANCE 

Laboratory control charts are maintained for laboratory control standards. Accuracy and precision is based on the laboratory control standards. 

REFERENCE 

sow 788, Revision 2/89. 

SAFETY 

Fully fastened labcoat, safety glasses and latex gloves should be worn. All damaged or broken glass should be discarded immediately. All chemical containers should be clean and properly labeled. Immediately cleanup any materials spilled on the floor, in hoods, or on bench tops. 

osj\SOP\OP2115\3020.1 
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Metals Digestion 
Soil Samples 
OP21-15-3050.l 
July 1989 
version 0.1 
Page 1 of 3 

INORGANIC ANALYSIS PROTOCOL 
METALS DIGESTION: BOIL SAMPLES 

1.0 PURPOSE 

1.1 This method describes a technique for the preparation of soilsjsediments for the determination of trace elements in solution by ICP or AA. 

2.0 SCOPE AND APPLICATION 

2.1 This method describes an acceptable procedure for "total" element analysis. nitric acid digestion. 

sample preparation 
The procedure is a 

2.2 The preparation procedures for .GFAA and ICP digests differ slightly in the final steps. HCl is used as the final acid for flame AA and ICP preparations. The ICP digest is also used for the determination of Sb by GFAA. 
3.0 PRESERVATION AND HOLDING TIME 

3.1 Soil/sediment (non aqueous) samples must be refrigerated at 4oc (±200) from receipt until analysis. 
3.2 Holding times have not been established by the u.s. EPA for soil samples. However, the aqueous sample holding time of 180 days is used as a guideline. 

4.0 INTERFERENCES 

4.1 For the determination of trace elements, contamination and loss are of prime concern. Dust in the laboratory environment, impurities in reagents, and impurities on laboratory apparatus are all sources of potential contamination. The collection and treatment of the sample requires particular attention to laboratory glassware, which should be thoroughly washed with detergent and tap water; rinsed with (1+1) nitric acid, tap water, (l+l) hydrochloric acid, tap water, and finally deionized, distilled water in that order. (See OP 21-20-014) . 
5.0 APPARATUS 

5.1 150 mL Griffen beakers, watch glasses, graduated cylinders, hot plate, funnels, filter paper (Whatman 42), thermometer (00-2000 C). 
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6.0 REAGENTS 

6.1 Hydrochloric acid cone. (sp gr 1.19). 
6.2 Nitric acid cone. (sp gr 1.41). 

6.3 Hydrogen peroxide (30%). 

Metals Digestion 
Soil Samples 
OP21-15-3050.1 
July 1989 
Version 0.1 
Page 2 of 3 

6. 4 Deionized water, ASTM Type II from Milli-Q system (Q-water) . 

6.5 2% HN03 (vjv), 2 mL cone. HN03 per 100 mL Q-water. 
6.6 Laboratory control stock solutions. 3000.2 . Refer to OP 21-15-

6. 7 Mixed calibration standard solutions. Refer to OP 21-15-3000.2. 

7.0 PROCEDURE 

7.1 Mix sample thoroughly. 

7. 2 Weigh 1. 0 to 1. 5 grams of sample into pyrex beaker. Record weight to the nearest O.Olg. 

7. 3 __ Add-10--mL--l--:--± -HNB3 -, -mi-x--the--slurry/ -cover wllli ·awatchglass-

7.4 

and heat the sample to 95oc. Reflux for 10 minutes. Do not boil. 

Allow to cool and add 5 mL concentrated HN03. watch glass and reflux for 30 minutes. Do not reduce to less than 5 mL. 

Replace the 
boil, do not 

7. 5 Allow to cool. Add 2 mL of Q-water and 3 mL H202 ( 3 0%) . Warm until reaction stops. 

7.6 Continue to add 1 mL aliquots of H202 until the effervescence is minimal or until the sample appearance is unchanged. Do Not add more than a total of 10 mL H202. 
7. 7 If sample is being prepared for furnace (AA) analysis, reduce sample volume to approximately 2 mL, add 10 mL of Q-water and warm. 

7.8 If sample is being prepared for ICP analysis. Add 10 mL of Q-water, and 5 mL 1:1 HCL and heat for an additional 10 minutes. 
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7.9 

7.10 

8.0 

8.1 

8 .1.1 

8.2 

8.2.1 

8.3 

8.4 

9.0 

9.1 

10.0 

10.1 

11.0 

Metals Digestion 
Soil Samples 
OP21-15-3050.1 
July 1989 
Version 0.1 
Page 3 of 3 

Cool samples and filter through Whatman No. 42 filter paper. Rinse digestion beaker with several aliquots of 2% HN03. Pour rinsates through filter paper. Dilute sample to 200 mL sample volume with acidified water (2% HN03 vjv) to maintain constant acid strength. sample is now ready for analysis. 

Document all preparation steps as per OP 21-15-3000.3. 
QUALITY CONTROL 

Method Blank 

A minimum of one method blank, consisting of deionized water must be processed through each sample preparation procedure for each batch of samples digested or each group of 20 samples, whichever is more frequent. 

Laboratory Control Sample 

Duplicate laboratory control samples must be processed through each sample preparation procedure for each batch of samples digested or each group of 20 samples, whichever is more frequent. 

Matrix Spike Samples are analyzed as requested by the client. 

Duplicate Samples are analyzed as requested by the client. 
METHOD PERFORMANCE 

Laboratory control charts are maintained for laboratory control standards. Accuracy and precision is based on the laboratory control standards. 

REFERENCE 

SOW (788) , Revision 2/89. 

SAFETY 

Fully fastened labcoat, safety glasses and latex gloves must be worn. All chemical containers should be clean and properly labeled. Immediately cleanup any materials spilled on the floor, in hoods or on bench tops. 
A face shield must be worn when using auto-pipettors which contain concentrated acids. Both hydrochloric acid and nitric acid are corrosive. 

OSj\SOP\OP2115\3050.1 
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1.0 PURPOSE 

INORGANIC ANALYSIS PROTOCOL 
METALS BY ICP 

Metals by ICP 
OP :H-15-0200. 7 
June 1989 
Version 0.1 
Page 1 of 4 

Determination of elements by Inductively coupled Plasma Atomic Emission Spectrophotometry in aqueous media. 
2.0 REFERENCE 

2.1 EPA-600/4-79-020, Methods for Chemical Analysis of Water and Wastes, March 1979, Method 200.7. 

2.2 U.S. EPA CLP SOW 788, Method 200.7 CLP-M. 
3.0 PRINCIPLE 

The basis of the method is the :measurement of atomic emission by an optical spectroscopic technique. Samples are nebulized ~nd the aerosol that is produced is transported to the plasma torch where excitation occurs. Characteristic atomic-line emission spectra are produced bY a radio-frequency inductively coupled plasma ( ICP) . The spectra are dispersed by a grating spectrometer and the intensities of th line are monitored by photomultiplier tubes. 
4.0 INTERFERENCES 

Several types of interference effects may contribute to the inaccuracies in the determination of trace elements. 
4.1 Spectral Interference~ 

Spectral Interferences can be corrected for via computer application of interelement correction factors and/or background correction. 

4.2 Physical Interferences 

Generally, physical interferences are considered to be effects associated with the sample nebulization and transport processes. These interferences can be reduced by dilution of the sample andjor utilization of standard addition techniques. samples with high dissolved solids content often exhibit inaccuracies attributable to this type of interference. 
4.3 Chemical Interferences 

Chemical Interferences are characterized by molecular compound formation and ionization effects. Matrix matching and standard addition procedures can compensate for this interference. 
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5.0 METHOD DETECTION LIMIT 

Refer to Table I. 

6.0 OPTIMUM CONCENTRATION RANGE 

Refer to Table I for linear range information. 

7,0 REAGENTS 

7.1 Nitric Acid, cone. 

Metals by ICP 
OP 21-15-0200.7 
June 1989 
Version 0.1 
Page 2 of 4 

7. 2 Nitric Acid, ( l+l) : Add 500 mL cone. HN03 to 400 mL deionized water and dilute to l liter. Hydrochloric Acid (1+1): Add 500 ml cone. HCl to 400 mL deionized water and dilute to 1 liter. ·~·.'W 

7.3 Deionized water, ASTM Type II reagent grade. 
8.0 STANDARDS 

custom-made standards: Inorganic ventures (Refer to Table!·> 
8.1 Calibration Standards 

RFWCAL 1, 2, 3, 4A, 4B. Add l mL of stock, l mL 1+1 HN03, 2.5 mi l+l HCl to 50 mL deionized water and dilute to 100 mL. 
8.2 continuing calibration verification standards 

RFWICV l, 2, 3, 4A, 4B. Add l mL of stock, l mL l+l HN03, 25 mL l+l HCl to 50 mL deionized water and dilute to 100 mL. 
8.3 CRI (low concentration verification standard! 

Add 2 mL of each.calibration standard (RFWCAL), 1 mL l+l HN03, 2.5 mL HCl to 50 mL of deionized water and dilute to 100 mL. 
8.4 Interferent Check Standard A 

Check-2. Add 10 mL of stock check-2, 1 mL 1+1 HN03, 2.5 mL HCl, to 50 mL deionized water and dilute to 100 mL. 
8.5 Interferent Check Standard B 

Check-1,2. Add 10 mL of stock check-2, l mL check-1, 1 mL 1+1 HNOJ, 2.5 mL 1+1 HCl to 50 mL deionized water and dilute to 100 mL. 

8.6 calibration Blank 

Add 15 mL l+l HNOJ, 5 mL 1+1 HCl to 100 mL of deionized water anQ dilute to 200 mL. 
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Metals by ICP 
OP :21-15-0200.7 
June 1989 
Version 0.1 
Page 3 of 4 9.0 INSTRUMENT PARAMETERS 

Refer to Table II for wavelengths. 

10.0 PROCEDURE 

11.0 

11.1 

Refer to ICP Operation SOP (OP# 21-15-6000.1) for specific procedural information. 

QUALITY CONTROL 

Table II illustrates the required QC, control criteria and proper corrective actions. 

Calibration must be 
standard. (Multiple 
Refer to 11. 9. ) 

performed daily with a blank and a high level standards are analyzed quarterly. 

11.2 Calibration must be verified with a mid-range check standard (ICV) prepared independently from the calibration standard. The ICV must not vary more than 10% form the true value. 
11.3 Calibration verification will be performed with a calibration blank (CCB) and check standard (CCV) after every 10 samples and at the end of the analysis. The CCV must not vary more than 10% from the true value. 

11.4 A low level calibration verification standard (CRI) must be analyzed at the beginning and end of the analytical run to document the linearity of response at the detection limit. the standard should be at a level of 2 times the CRDL. 
11. 5 An interference check standard ( ICS) must be analyzed at the beginning and end of the analytical run to document the accuracy of the interelement corrections. 

11.6 Dilute samples if they exceed the quarterly determined linear range. 

11.7 Preparation quality control samples (ie. method blanks, laboratory control standards, matrix spikes and duplicates) must accompany any sample batches processed through digestion or preparation procedures as described in the Quality Assurance Project Plan. 
11.8 Specific, additional QC requirements may be necessary for individual clients. Refer to the appropriate source for this information (eg. sow 788 for USEpA CLP). 
11.9 Refer to OP# 21-15-005.1 for 

procedures (ie. IDL, IEC and 
quarterly 5 pt. calibrations). 

a description of quarterly QC 
Linear Range determinations and 
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CALCULATION 

Metals by ICP 
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All calculations are performed directly by the instrument data system. The laboratory information system (LIMS) converts al instrument concentrations to the appropriate reporting units. 
METHOD PERFORMANCE 

Laboratory control charts will be maintained for blanks ana laboratory control standards. Accuracy and precision will be based on the laboratory control standards. 
ANALYSIS RATE 

Instrument set-up and calibration can occur in 1 hour. Sample! are subsequently analyzed at a rate of 15-20 samples per hour. 
SAFETY 

Safety glasses must be worn when handling standards or samples. 

OS j\SOP\tlP2115\0200c7 
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Table I. calibration standards and CRI for ICP Metals 

ICV/LCS Solution 

STOCK FINAL 
ELEMENT STD. ID. CONCENTRATION UG/L CONCENTRATION CUG/Ll 

Aluminum RFW ICV-2 1000 10,000 
Antimony RRW ICV-3 300 3,000 
Arsenic RFW ICV-4A 1000 10,000 
Barium RFW ICV-2 1000 10,000 
Beryllium RFW ICV-1 25 250 
Cadmium RFW ICV-1 25 250 
Calcium RFW CLP-1 2500 25000 
Chromium RFW ICV-1 50 500 

1:':1 Cobalt RFW ICV-1 250 2500 
I Copper RFW ICV-1 125 1250 1-' 

0 Iron RFW ICV-1 500 5000 -.J Lead RFW ICV-1 250 2500 
Magnesium RFW CLP-1 2500 25000 
Manganese RFW ICV-1 75 750 
Nickel RFW ICV-1 200 2000 
Potassium RFW CLP-1 2500 25000 
Selenium RFW ICV-4A 1000 10000 
silver RFW ICV-1 50 500 
Sodium RFW CLP-1 25000 25000 
Thallium RFW ICV-4A 1000 10000 
vanadium RFW ICV-1 250 2500 
Zinc RFW ICV-1 100 1000 
Strontium RFW ICV-4A 500 5000 
Molybedium RFW ICV-4B 500 5000 
Silicon RFW ICV-4B 500 5000 
Titanium RFW ICV-4B 500 5000 
Tin RFW ICV-4B 500 5000 
Boron RFW ICV-4A 500 5000 



Table I. Calibration Standards and CRI for ICP 'rMetals (con' t) 

RFWCAL! 

STOCK FINAL ELEMENT CONCENTRATION UG/ML CONCENTRATION (UG/Ll CRI. (UG/Ll 
Beryllium 50 

!I 500 10 Cadmium 50 500 10 Chromium 100 1000 20 Cobalt 500 5000 100 Copper 250 2500 50 Iron 1000 10,000 NR Lead 500 5000 100 Manganese 150 1500 30 Nickel 400 4000 80 Silver 100 
' 

1000 20 Vanadium 500 ' 5000 100 
t'l 
I Zinc 200 2000 40 

>-' 
0 
0) 

RFWCAL2 

STOCK I FINAL I ELEMENT CONCENTRATION UGLML CONCENTRATION (UGLLl CBI (UGLLl 
Sodium 'i 

50,000 NR 
5000 Potssium 5000 50,000 NR Calcium 5000 50,000 NR Magnesium 5000 50,000 NR Aluminum 1000 I 

10,000 NR i Barium 1000 I 10,000 NR 
RFWCALJ 

STOCK FINAL ELEMENT CONCE~RATION UG/ML C?NCENTRATION CUG/Ll CRI CUGLLl 
Antimony 600 6000 120 



i:'j 
I 

1-' 
0 

"' 

RFWCALIIA,B 

ELEMENT 

A Arsenic 
A Selenium 
A Thallium 
A Strontium 
B Molybedium 
B Silicon 
B Titanium 
B Tin 
A Boron 

Table I. Calibration Standards and CRI for ICP Metals (con't) 

STOCK 
CONCENTRATION UG/ML 

2000 
2000 
2000 
1000 
1000 
1000 
1000 
1000 
1000 

FINAL 
CONCENTRATION (UG/L) 

20,000 
20,000 
20,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 

CRI (UG/L) 

400 
400 
400 



Table II. Wave Length Instrument Detection Limits (MDL) standard Laboratory Reporting Limits (LRL), and Limits Range 

APPROXliMATE REPORTING OPTIMUM CONC. RANGE ELEMENT WAVE LENGTH (nm) IDL(U(J/Ll LIMIT (uq/Ll uq/L 
Aluminum 308.215 30: 200 200 --> 100,000 Barium 455.403 3 

' 
200 200 --> 200,000 Beryllium 313.042 0.1 5 5.0 --> 2,500 Cadmium 226.502 2 i 5 5.0 --> 2,500 Chromium 267.716 3 10 5.0 --> 2,500 Cobalt 228.626 3 

:· 50 10 --> 5,000 copper 324.754 2 25 25 --> 25,000 Iron 259.940 11 
', 

100 100 --> 200,000 Manganese 257.610 0.6 15 15 --> 7,500 Nickel 231.604 5 40 40 --> 20,000 Silver 318.068 5 10 10 --> 10,000 Vanadium 292.402 4 !I 50 50 --> 10,000 t<J Zinc 213.856 1 ! 20 20 --> 10,000 I Calcium 317.933 34 5000 500 --> 500,000 
1-' 

Sodium 588.995 18 500 500 --> 500,000 
1-' 
0 Potassium 766.491 421 5000 500 --> 500,000 Magnesium 279.079 26 5000 500 --> 500,000 Arsenic 193.696 28 120 100 --> 40,000 Selenium 196.026 75 300 100 --> 40,000 Lead 220.353 16 

I 100 100 --> 25,000 Thallium 190.864 41 ' 160 100 --> 20,000 I, Titanium 334.941 50 I 100 50 --> 20,000 strontium 407.771 50 I 100 50 --> 20,000 ' Boron 249.773 50 I 100 50 --> 20,000 Molybdenum 202.030 50 I 100 50 --> 20,000 Antimony 206.833 35 I 60 60 --> 40,000 Silicon(Si02) 251.612 50 I 100 50 --> 20,000 Tin 189.900 50 100 50 --> 20,000 Lithium 670.784 50 100 50 --> 40,000 Uranium 367.007 1000 1000 1000 --> 10,000 Scandium 361.384 50 100 50 --> 5,000 



Table III. Quality Control Limits and Corrective Actions 

QC CONTROL ACTION TO TAKE SAMPLE IDENTIFICATION FREQUENCY LIMITS IF OUT-OF-CONTROL 
MB Method Blank 5% 1 Per 20 < CRDL Notify·section Management; samples digested Redigest 

LCS Laboratory Con- 5% 1 Per 20 80%-120% Notify Section Management; trol Standard samples digested Ex: Sb,Ag Redigest 
ICV Initial Cali- Once Immediately < CRDL Recalibrate bration Verifi- after ICV 

cation Std 

ICB Initial Cali- Once Immediately 90-110% Recalibrate 
i:'J bration Blank After Calibration I 
1-' 
1-' ,_. CCV Continuing lOt After Every < CRDL Recalibrate; Rerun Previous Calibration CCV 10 Samples Verifiction Std 

CCB continuing 10% After Every 90-110% Recalibrate; Rerun Previous Calibration 10 Samples 10 Samples Blank 

CRI Low concentration Analyze Twice None None check Standard 1-After Calibration 
2-At End of Run 

ICS Interference Analyze Twice 80%-120% Recalibrate Check Standard 1-After calibration 
2- At End of Run 

s. serial Dilution 5% 1 Per 20 90%-110% None Dil. sample Received 
(Matrix) 



1?1 
I 

1-' 
1-' 

"' 

Table III. Quality control Limits and corrective Actions 

QC 
SAMPLE IDENTIFICATION 

s Spike Sample 

R Replicate Sample 

PMS Post Matrix Spike 

*SR>5X CRDL = 20% RPD 
SR<SX CRDL = ±CRDL 

SR = Sample Result 

CONTROL ACTION TO TAKE FREQUEN~Y :t.nUTS IF OUT-OF-CONTROL 
5% 1 Per 26 75%-125% PMS at 2 X CRDL or 2X SR samples reqeived! whichever is greater i 
;!m!l::rr!~eived * None 

I 

Analyze wh~n -- None spike is out-
Of-Control 1 

I 
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INORGANIC ANALYSIS PROTOCOL 

1.0 PURPQSI 

Metals by GFAA 
OP::!l-15-0200.2 
Jun<~~ 1911!1 
Version 0.1 
Page 1 of 3 

1.1 This method is applicable to the determination of the following 
metals; As, Ag, Cd, cr, Pb, Sb, Se, Tl, BE and cu in solution. 

2 • 0 REfERENCI! 

2.1 USEPA 600/4-79-020, Methods 
and Waste Water, March 1979. 
references. 

for the Chemical Analysis of Water 
Refer to the Table I for EPA method 

2.2 Beaty, Richard D. 1978. concepts, Instrumentation, and 
Techniques in Atomic Absorption Spectroscopy 

2.3 EPA CLP SOW 787 

3.0 PRINCIPLI! 

3.1 A representative sample aliquot is evaporated to dryness, charred 
and atomized utilizing a graphite furnace. During the 
atomization cycle elements are converted to their ground state. 
As radiation of a specific wavelength is passed through the vapor 
containing the ground state atoms, the intensity of light 
transmission is monitored. Absorption of light occurs at 
discrete wavelengths characteristic to the element. The amount 
of light energy absorbed is directly proportional to analyte 
concentration. 

4.0 INTERFERI!NCI!S 

4.1 Spectral and nonspectral interferences may occur during analyses. 

4.2 Most spectral interferences can be eliminated by applying 
background correction with a deuterium arc lamp or a Zeeman 
system. 

4.3 Nonspectral interferences can be compensated through the use of 
matrix modifiers, L 1vov platforms, and pyrolytically coated 
tubes. 

5.0 METHOD DETECTION LIMIT 

5.1 Refer to Table I. 

6.0 OPTIMUM CONCENTRATION RANGE 

6.1 Refer to Table I. 
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7.0 REAGENTS 

Metals by GFAA 
OP2l-l5-0200,2 
June 1989 
Version 0.1 
Page 2 ot 3 

7.1 Matrix Modifier (0.5% NiN03): Dissolve 0.5 g NiN03 in 900 mL of dionized water, add l mL of concentrated reagent grade HN03 and dilute to volume with deionized water. 

7. 2 Dilutions are made using a 2% HN03 solution in order to insure matrix matching. 

8.0 BTANPARDB 

8.1 Intermediate and working standards are prepared fresh daily. 
8.2 Refer to the standards preparation log book located in the metals lab for calibration standards preparation. 
8. 3 Calibration curve concentrations will vary depending upon the element; refer to Table II. 

9.0 PROCEDURE 

9.1 Calibration - refer to the OP No. 21-15-003.1. 
9.2 Instrument operation 

operating procedure. 
refer to the appropriate instrument 

10.0 QUALITY CONTROL 

10.1 Calibration curves must consist of a blank and tour standards. One standard must be at the reporting limit. Linear calibration ... ~CJlrY.es .must_ __ hall'e--a.--m-i-ni.mum---s.er-r-el-at-4.-en--eee-f~-icient ~~- 0. 9 9 E;,which must be reported with the raw data. 

10.2 Immediately following calibration, and initial calibration verification check sample (ICV) and blank (ICB) are analyzed to gauge accuracy. At a frequency of lOt during the analytical run a continuing calibration verification standard (CCV) and a continuing calibration blank (CCB) are analyzed to determine instrument drift. These calibration check standards are obtained from a source independent of the calibration standards, 
10. 3 A minimum of one method blank (MB) must be analyzed with each digestion batch to determine if contamination has occurred. 
10.4 Duplicate laboratory control samples (LCS) must be analyzed with each digestion batch of 20 samples. Refer to Table II for LCS concentrations. 

10.5 Dilute samples if they are more concentrated than the highest standard. 
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10.6 

10.7 

11.0 

11.1 

11.2 

12.0 

12.1 

13.0 

13.1 

13.2 

13.3 

Metals by GFAA 
OP21-l5-0200.2 
June 1989 
version o;1 
Page 3 of 3 

When CLP QC protocols are requested refer to USEPA CLP sow 788. 

Refer to Table III for all quality control limits and appropriate corrective action prcedures. 

CALCULATION 

Plot a linear regression using calibration standard concentrations vs. absorbance values. Compare sample absorbance values to the curve to determine element concentration. 

Initial sample concentrations are multiplied by any dilution factor and the digestion C/D factor to obtain a final result. 
METHOD PERFORMANCE 

Laboratory control 
control standards. 
laboratory control 

ANALYSIS RATE 

charts will 
Accuracy and 

standards. 

be maintained for laboratory 
precision will be based on the 

Instrument set up will take approximately one hour. includes the time needed to run a calibration curve. 
This 

If CLP QC samples are run, the analysis rate is 4 to 5 samples ·per hour. 

If standard QC samples are run, the analysis rate is e to 10 samples per hour. 

SAFETY 

When handling standards or samples, safety glasses and latex gloves must be worn. 

dvn\sop\op2115\0200.2 
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I WAVELENGTH METHOD DETECTION OPTIMUM CONe. EPA ELE!:!I!Ifl I (nml LIMI:l (ug.!LI RANG II !!o!g.!LI METHO!l 
I 

A;rsen;l.g I :!.9J.7 l l.Q - 2Q '06.~ I 
Antimony I n1.6 3 '2 - J.QO ~04.2 

I 
Q~dmium I ~~~.~ l. ~·:! - 2Q nJ., 

I 
C!lromium I J57.9 1. l.Q - ::!Q I 218.2 I I 

I Lead I ;!83.3 1 2 - 2Q jJ3l!.2 I I 
I Selenium I 196.0 ' 2 - 2Q ;ii7Q.jJ I I 
I silver I J28.1 1 2.5 - 10 272.2 I I 
I Thallium l ;!76.8 1 :!.0 - 50 279.2 l l 
l l p4.9 0.2 I l. I no., I I I I I Co:g:ge~: I n4. a l. I 2 - lQQ I 220.2 I I I I I Barium I ~52·i ' I l.Q - 2QQ I ~O!l.J. 1- - -~---~-- + "_,. __ ---------- 1-- --- -- ---- -- ·--- -- I -- ·-r I I ;ron I '59.9 I l. I 5 - ;!.00 I 236.1 I I I I I I Manganese I '27.6 I O.j! I l. - 30 I 243.1 

TABLE r. wavelengths, detection limits, and concentration ranges. 

E-116 



J:>j 
I 

1-' 
1-' 
-.J 

CALIBRATION S'l'l\liiDARDS ICV /CCV I LCS I MATRIX BENCII: 
I ELEMENT I luq/L) (uq/L) I (Uq/L)J SPIKE SPIKE I 
I I . AZ I CRA S'l'02 I S'l'03 S'l'04 I I !uq/L! luq/Ll I 
I I I I 
!Arsenic 0 10 15 I 25 50 30 30 I 40 20 I 
I I I I 
!Antimony 0 5 25 J 50 100 50 50 1 50 10 I 

I I I Cadmium o 1 2.51 5 10 8 8 I 5 2 J 

I 
Chromium 0 10 15 25 50 50 30 20 20 1 

I I I I 
Lead 0 I 5 10 25 I 50 30 30 20 10 I 

I I I I 
Selenium o I 5 10 25 1 50 30 30 10 10 I 

I I 
Silver 0 1 I 2.5 5 I 10 8 8 5 2 I 

I I I I 
Thallium o 10 I 15 I 25 I 50 30 30 50 20 I 

I I I I 
Beryllium 0 0.21 0.61 1.51 3.0 2.4 2.4 0.6 10 I 

I I I I Copper I 0 2.51 10 I 50 I 100 40 40 25 I 50 I 

TABLE II. 

Calibration Standard Concentrations and Quality Control Standard Concentrations. 



1:<:1 
I 

f-' 
f-' 

"' 

I 1 I CONTROL I ACTION TO TAKB IP I I QC SAMPLR I IDRNTIPICATION I FREQUENCY I LIMIT I OUT OP CONTROL I 
' I I I 1

• 5% I I NOTIFY SECTION I I MB I METHOD BLANK ll I, PER 20, SAMPLES DIGEST I <CRDL I MANAGEMENT I 
I I lABORATORY I I 5\ I I NOTIFY SECTION I I LCS I CONTROL STANDARD ll \PER 20

1 
SAMPLES DIGESTI80\ -> 120\1 MANAGEMENT I 

' I I INITIAL CALIBRATION I iONCE IMMEDIATELY I I I I ICV I VERIFICATION STD. I (AFTER CALIBRATION 190% -> 110\ I RECALIBRATE I i I I INITIAL I pNCE Il'!MEDIATELY I I I I ICB I CALIBRATION BLANK I i AFTER ICV I <CRDL I RECALIBRATE I 
' I I CONT. CALIBRATION I . 10\ I I I I CCV I VERIFICATION STD. IA~ER ~RY 10 SAMPLES 190% -> 110\l RECALIBRATE I 
' I I CONTINUING I I ' 10% I I I I CCB I CALIBRATION BLANK I j AFTEI\t EVERY CCV I <CRDL I RECALIBRATE I 
' I I I I ' 5% I I I 

I S I SPIKED SAMPLE I 1 PER 2q SAMPLES REC'DI75\ -> 125\l NONE I 
I I I I 5\ I I I I R I REPLICATE SAMPLE I 1 PER 20 SAMPLES REC'DI * I NONE I 
I I I FqR CLP QC SAMPLES, I REFER TO I REFER TO SOW .I I BS I BENCH SPIKE I E~ERY SAMPLE I SOW 787 I 787 I 

TABLE III. Quality Control Lim~ts and. corrective Actions 
* SR> 5 x CRDL = 20\ RPD 

SR< 5 x CRDL = ± CRDL 
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INORGANIC ANALYSIS PROTOCOL EXTRACTION PROCEDURE (El?l TOXICITY TEST METHOD 

1. 0 PURPOSE 

1.1 The Extraction Procedure (EP) is designed to simulate the leaching a waste will undergo if disposed of in a landfill. 
1.2 This method is employed to determine whether a waste exhibits the characteristic of Extraction Procedure Toxicity. 
2.0 REFERENCE 

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. SW846 2nd Edition, Chapter 7, Part 4, revised April, 1984. 

3.0 PRINCIPLE 

4.0 

5.0 

5.1 

A representative sample is extracted with an aqueous acetic acid solution (pH 5. 0 ± 0. 2) to extract soluble materials. This extract is then analyzed to determine toxicity. 
REAGENTS 

Acetic Acid (0.5N) 57 mL glacial acetic acid diluted to 2 L deionized water. 

PROCEDURE 

By observation determine if the sample contains free liquid. If it does not, proceed to 5.3. 

If the sample contains free liquid, separate the phases by filtering through a 0.45 um membrane filter. For filtration procedure see section 5.5. Save the filtrate and residue and determine the weight of each. For highly organic samples such as oils or solvents use a Teflon .45 um filter for filtration. If the sample will not filter, for example a heavy oil, it should be carried through the EP extraction as a solid (see 5. 3) • 

If the % solids is <0.5% then the residue is discarded and the filtrate is treated as the extract. 

If the sample contains >0.5% solids, then the solid residue obtained from the initial sample filtration must be subjected to the extraction procedure. (5.3) 
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EP Toxicity Test 
OP21-l6-l310.3 
July 1989 
Version 0.1 
page 2 of 4 

5. 3 The solid material obtained from step 5. 2 and all materials that do not . contain free liquids should be evaluated for particle size. If the surface area of the waste is >3.1 cm2 or passes through a 9. 5 mm standard sieve proceed to 5. 3 .1. If the surface area is smaller or the particle size larger than specified above, the solid material is prepared for extraction by crushing, cutting or grinding so that the material will pass through a 9.5 mm sieve. 
5.3.1 Weigh an appropriate portion of solid sample (usually 100 g) into the container used for the extraction. Glass containers must be used if organics are to be analyzed, plastic can be used when only metals are to be analyzed. 
5. 3. 2 Add deionized water in the amount of 16 times the weight of the sample to the extraction container. Shake well and take the initial pH. Adjust the pH to 5.0 ± 0.2 by the addition of o.5N acetic acid. Record the amount of acid added. Place the sample container in the extractor and start rotation. Monitor pH (and adjust when necessary) ever 15 minutes, 30 minutes, 1 hour, 2 hours, 4 hours, etc. moving on the next time interval if the pH does not have to be adjusted >0.5 pH units. The adjustment procedure must continue for at least 6 hours. Do not .. exceed the maximum amount of acid which would make the total· amount liquid added exceed that of 20X the weight of solid sample. The leachate must be extracted for 24 hours. At the end of extraction period i{_the__pH is n.crl:_5 •. 0 .. .;t 0 .•. 2 · tand ·tlnrm:axt:mum amoun'toraciahcis not been added) adjust the pH for 4 additional hours, checking the pH each hour. Record all pH readings and acid additions. 

5. 3. 3 At the end of the extraction period add deionized water to bring the volume up to 20X the weight of the solid sample. Use the following formula for determining the amount of deionized water necessary: 

V = (20) (W) - 16 (W) - A 

where: 

v = mL of deionized water to be added w = wt in grams of solid sample extracted A= mL of 0.5N acetic acid added during extraction period 
5. 4 After the final addition of deionized water mix the sample well then allow the solution to settle. Filter the supernatant through • 45 um membrane filter, by using either vacuum or pressure filtration. (See section 5.5 for filtration procedures.) .If the sample contained no free liquid initially the filtrate is then analyzed as the leachate. If there was 
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5.5 

5.5.1 
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an initial filtration procedure as in step 4.2 the initial filtrate must be combined proportionally to the final filtered extract. 

Use this formula to determine the amount of initial filtrate to be added to the final leachate. 

A = Rl X Vl X VJ 
R2 X V2 

where: 

A = Volume or weight of initial filtrate to add to filtered leachate. 
R1 = Weight of residue used for extraction procedure R2 = Total weight of solid phase obtained from initial filtration. 
V1 = Volume of leachate filtered V2 = Final volume of leachate V3 = Total volume or weight of initial filtrate obtained from initial filtration. 

Filtration 

Vacuum filtration is used for easily filterable samples. For initial filtrations or difficult to filter samples a pressure filter is the most efficient means. 
Note: The pressure filter apparatus can be hazardous if not used properly. Do not attempt to use without receiving personal instruction. 

5.5.2 Assembly of the pressure filtration device. 
5.5.2.1 Wash the pressure filter with soap and water (use a sponge or soft cloth only) • Rinse with deionized water, acetone and then hexane if organics are to be analyzed for. Assemble using the appropriate filters as described in the method making sure the body of the device is seated on the filters in the grooved portion of the support. Secure top firmly and pour in sample. Clamp pressure hose tightly. After checking that inlet valve is off, turn tank on. Introduce pressure into the vessel slowly. by turning the inlet valve on. Gradually increase pressure to a maximum of so psi. Do not exceed this pressure. After the sample is finished filtering turn inlet valve off and bleed trapped pressure out of the vessel by venting the relief valve located on top of assembly. After the pressure is released the pressure ·hose can be disconnected and the device can be disassembled. 
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6.0 OUALrTY CONTROL 

6.1 Prepare a leachate blank (i.e. 100 mL .SN Acetic Acid diluted to 2000 mL deionized water) with each batch of samples, or with each new batch of Acetic Acid. Extract and check pH along with samples. The blank will then be analyzed along with the samples to monitor possible contamination introduced through the leaching procedure. 

6.2 Prepare enough leachate to ensure that there will be sufficient volume for the necessary quality control procedures used in analyzing the leachate. 

7.0 ANALYSIS RATE 

7.1 Analysis rate may vary significantly with sample matrix and quantity needed for the appropriate analysis. Usually one analyst can set up 10-15 samples per day, extract them for the required 24 hours and filter them after the extraction period the the following day. The time could be significantly increased if an initial filtration is required and the final filtrate does not settle readily. In such a case two extra days wouldbe required to complete the entire procedure, one day for the initial filtration and one day to allow the samples to settle before and pressure filtration • 
. 8 .• 0 .. SAF-ET.Y-

Fully fastened labcoat, safety glasses and latex gloves must be worn. 

In the case of a known hazardous waste (ie. radiation, eN- and Arsenic) all pH adjustments must be done carefully in a ventilation hood. 

Immediately clean up any materials spilled on the floor, in hoods or on bench tops. All chemical containers should be clean and properly labeled. All damaged or broken glassware should be discarded immediately. 

Use caution when operating the pressure filtration device. Do not attempt to operate without receiving proper instruction. 

osj\SOP\OP2116\1310.3 
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~ Ana1yt1c:s 
~ lllv1sion 
llonvl11e laboratory 

OPERATING PRACTICE 
TOTAL SUSPENDED SOLIDS 

06/01/89 DLST 

1.0 PURPOSE 

RJR AFT 

INORGANIC ANALYSIS PROTOCOL Total suspended Solids 

Determination of Total Suspended Solids 
2.0 REFERENCE 

21-15-0160.2 

EPA 600/4-79-020, Methods for Chemical Analysis of Water and Wastes, March 1979, Method 160.2. 
3.0 PRINCIPLE 

Total suspended Solids is defined as the portion of total residue retained by a filter (filterable residue). 
4.0 PROCEDURE SUMMARY 
4.1 A well mixed sample is measured in the appropriate size graduated cylinder, then filtered through a pre-weighed crucible with glass fiber filter. Rinse the graduated cylinder thoroughly, pouring the ocntents into the crucible. The residue retained on the filter is dried to constant weight at 103-l05oc. 
5.0 INtERfERENCES 

NA 

6.0 OptiMUH CONCENTBATION BANGE 
4 mg/L - 20,000 mg/L 

7.0 DET!C1ION LIHIT 

s. o mq/L 

8.0 CALIBRATION STAHDAEPS/SENSITIVITY 
NA 

9.0 INSTRUMENT PARAM!TER$ 

Drying oven 103 - 1o5oc Analytical Ba!anca ( o. 1 g) 
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\','1:1.~~~ Analyt1cs ""'~~ Division 
lionville Laboratory 

OPERATING PRACTICE TOTAL SUSPENDED SOLIDS 

AFT 21-15-0160 
10.0 QUALITY CONTROL 

ll.O 

12.0 

Calibration blanks and calibration verification (check 
standards) are analyzed at a lO% frequency. A blank, LCS (Lab Controi sample), duplicate and spike shall be 
analyzed with every 20 samples. The control limits for analysis of the LCS will be ±20t of the true value. CALCULATION 

Total Suspended Solids mq/L = (A-!!) X J.QOO 
c 

where: 

A • wt of filter crucible + residue B =wt of filter (crucible) c "'mL of sample filtered 
:;!AF~:t:X 

Fully fastened labcoat and safety qlasses must be worn. 
All damaged or broken glassware should be discarded 
immediately. 

- - --~·----

page 2 of 3 
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INORGANIC ANALYSIS PROTOCOL 
pH ELECTROMETRIC MEASURMENT (Aqueous Matrix) 

1.0 PURPOSE 

To measure the pH of aqueous wastes and those multiphase wastes where the aqueous phase constitutes at least 20% of the total volume of the waste. When measuring the pH of a solid waste consult OP# 21-15-9045.1. 
2.0 REFERENCE 

u.s. EPA SW-846, Test Methods for Evaluating Solid Waste, Jrd Edition, Volume IC, November 1986, Method 9040. 
3.0 PRINCIPLE 

The pH of the aqueous sample is determined electrometrically using a pH meter that has been calibrated or sloped using buffer solutions of known pH. 

4.0 INTERFERENCES 

5.0 

Solvents and oils may impair the electrode response. If an electrode becomes coated with an organic material that will not risen free, follow the manufactures instructions for cleaning the electrode, 

METHOD DETECTION LIMIT 

0.01 pH Units 

6.0 OPTIMUM CONCENTRATION RANGE 

Normal range pH 0-14. However, some pH meters are able to read beyond this range. 

7.0 REAGENTS 

None 

8.0 STANDARDS 

pH buffers 4.00, 7.00 and 10.00 

9.0 INSTRUMENT PARAMETERS 

9.1 Beckman model 50 pH/ISE Meter 

9.2 Beckman model 10 pH Meter 

10.0 PRESERVATION 
None 
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11.0 HOLQING TIME 

_24 Hours 

12.0 PROCEDURE 

pH 
OP2l-l5-0BO.l 
June 1989 
version 0.1 
Page 2 of 4 

12.1 Calibrate the pH meter by sloping on two buffers. calibration by reading three buffers of know pH. 
12.1.1 Calibration of pH meter 

12.1.1.1 Turn the meter on(~) and press the clear button (c). 

Check 

12 .1. l. 2 Pour the first buffer into a small ( 2 5-50 mL) beaker and stir using a magnetic stir plate. 
12.1.1.3 carefully lower the pH and ATC probes into the buffer, push the pH button and then the standard button. Wait for the meter to stabilize. When meter is stabilized the (STD) Auto indicator will come on. Record all calibration data in the pH calibration log located by the meter. 
12 .1.1. 4 Pour the second pH buffer into another beaker and stir asbefore. 

·12 .l.l. 5 Lower the probes and press the standard (STD) button only. Wait for AUTO indicator to come on and record result. 
-- 12·. J:;T;15 - -Pour a-third buffer -ln a -beaker and stir. Lower the probes as before and press the pH button. This is a buffer check. After the meter has stabilized and the AUTO indicator comes on record this result in the meter log also. 

12 .1. 2 Calibrate the pH meter using two buffers that bracket the expected pH of the samples and are approximately three pH units or more apart. (i.e. calibrate on buffers 4 and 7 when measured pH values are ~ 7. Calibrate using 7 and 10 buffers when measured pH values are~ 7. 
12.1.3 Repeat calibration procedures until readings are within o.os pH units of the buffer solution's true value. 
12. 1. 4 Record calibration and sloping data in the pH calibration log located by the pH meter. Record buffer checks in the pH data book. 

12.2 Place the sample or buffer solution in a 50 mL clean glass beaker. stir samples and buffers with a magnetic stirring bar to insure suspension of solids. 
12.2.1 Lower the probes into the sample in such a way that tht>. sensing elements of the electrodes are just covered. Use care not to let the probes make contact with the stirring bar. 
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12.2.2 

12.3 

12.4 

13.0 

13.1 

13.2 

13.3 

14.0 

15.0 

pH 
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The temperature of the samples should be close to th; temperature of the buffers that the instrument wa: standardized on (within 20c). Employ an automatic temperature compensator (ATC) probe along with a combinatio1 electrode so that the measure of pH values are corrected fol temperature deviations. 

Note and record the sample pH. Repeat measurement on eact sample, until values differ .by <0.1 pH units using a frest volume of sample for each measurement. Two to three measurements are usually sufficient. 

pH analysis must be completed within 24 hours of the sampling time. To ensure that this requirement has been met, record the time of the pH measurement in the data book. 
QUALITY CONTROL 

Slope the pH meter each day with any two of the 4.00, 7.00 and 10.00 buffers. 

Run buffer checks on pH 4.00, 7.00 and 10.00 buffers. 

Analyze a minimum of one duplicate sample each batch or every 20 samples. Run a buffer check every 10 samples to insure the integrity of the original calibration. The buffer check should be one of the buffers that the meter was calibrated with and should not differ by more than 0.05 pH units. If it does the pH meter should be recalibrated and the sample proceeding the buffer check should be repeated. 
CALCULATYON 

N/A 

METHOD PERFORMANCE 

15.1 Forty-four analysts in twenty laboratories analyzed six synthetic water samples containing exact increments of hydrogen-hydroxyl ions, with the following results: 

Accuracy as Standard Deviation Bias Bias pH units pH Units % pH Units 
3.5 0.10 -0.29 -0.01 3.5 0.11 -o.oo 
7.1 0.20 +1.01 +0.07 7.2 0.18 -0.03 -0.002 8.0 0.13 -:-0.12 -0.01 8.0 0.12 +0.16 +0.01 
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16.0 

17.0 

ANALYSIS RATE 

pH 
OP21-15-0150.1 
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Version 0.1 
Page 4 of 4 

Calibration of the instrument requires 10 minutes to complete. one sample can be analyzed every 5 minutes. 
SAFETY 

Fully fastened lab coat, safety glasses and latex glove! must be worn. 

Immediately clean up any materials spilled on the floor, ir hoods or bench tops. 

All damaged or broken glassware should be discardec· immediately. 
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OP21-15-0150.1 

ROY F. WESTON Test __________ __ 
pH DATA 

(Soil pH, Aqueous pH, Corrosivity by pH) 

RFW #/Standard 

Batch # ________ __ 

Worksheet # ________ __ 

l2H 
< 7.00 > 7.00 

SOLID PREP/ 
COMMENT 

I +---------------+---------~-----------+-----------~ I 

Date: ______ _ 

Analyst: ________ _ 

Time: _________ _ 
sid\sop\op2115\0150.1 
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1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

ION Chromatography 
OP21-15-0333.0 
June 1989 
Version 0.1 
Page 1 of 8 

INORGANIC ANALYSIS PROTOCOL INORGANIC ANIONS IN WATER BY ION CHROMATOGRAPHY 
PURPOSE 

The determination of fluoride, chloride, bromide, nitrate-N, phosphate-P, sulfate in water by ion chromatography. 

EPA-600/4-79-020, Methods for Chemical Analysis of Water and Wastes, March 1979, Method 300.0. 

standard Methods for the Examination of Water and Wastes, 16th Edition, Method 429. 

PRINCIPLE 

A water sample is injected into a stream of carbonate-bicarbonate eluant and passed through a series of ion exchangers. The anions of interest are separated on the basis of their relative affinities for a low capacity, strongly basic anion exchanger (guard and separator column). The separated anions are directed onto a strongly acidic cation exchanger (suppressor column) where they are converted to their highly conductive acid form and the carbonate-bicarbonate eluant is converted to their highly conductive carbonic acid. The separated anions in their acid form are measured by conductivity. They are identified on the basis of retention time as compared to standards. Quantitation is by measurement of peak area or peak height. 
IN'fElU'JllRENCU 

Any substance that has a retention time coinciding with or overlapping those of the anion of interest will interfere. A High concentration of any one anion may interfere with the resolution of the next eluting anion. Sample dilution and/or spiking can be used to solve most interference problems. 

METHOD DETECTION LIMIT 

0.5 mg/L for all anions 

OPTIMUM CONCENTRATION RANGE 

0.50 mgjL to 25.0 mgjL, range can be extended through dilution. 
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7.0 

7.1 

7.2 

7.3 

8.0 

8.1 

8 .l.l 

8.1.1.1 

UAGINTS 

ION Chromatography OP2l-l5-0JJJ.O 
June 1989 
Version 0.1 
Page 2 of 8 

Stock eluant solution- O.J M NaHCOJ/0.24 M Na2co3 • In a 1 L volumetric flask containing approximately 750 mL of deionized water, dissolve 2. 52 g of NaHCOJ and 2. 98 g of Na2COJ•H20· Dilute this solution to the mark and filter solution into a clean l L plastic bottle for storage. 
Working eluant solution - 3 ~aHC03/2.4mMNa2C03. Dilute 20 mL of stock eluant solution to 2000 mL in a 2 L volumetric flask. Prepare several of these, dispensing each into a l5L carboy. A sufficient quantity of a uniform eluant solution is required to complete the analysis. 
Regenerant Solution - 2~~ H2S04. Dilute 1. 4 mL of stock7{36N) concentrated Sulfuric Acid to 2000 mL in a 2L volumetric flask. Prepare several of these, dispensing each into a l5L carboy. A sufficient quantity of a uniform regenereant solution is required to complete the analysis. 

STAlfDARPS 

Calibration Standards 

stock Standard (1000 mg/L with respect to each Anion). 
Obtain sufficient quantities (approximately 10 _gJ __ CLf the ACS ______ . ___ .x.e.agent_qrade~ehemicacls--J.-!-stea--tn sect-ion 8 .1.1. 2 and dry at 

8.1.1.2 

losoc for 30 minutes. Allow chemicals to cool and store them in a desiccator until ready for use, for no longer than l year. 

In a l L volumetric flask containing approximately 800 mL of filtered deionized water add the following quantities of previously dried reagent grade chemicals accurately weighted to 0.0001 g: 

Reagent 

Sodium Fluoride - NaF Potassium Chloride - KCl Potassium Phosphate - KH2P04 Potassium Bromide - KBr Sodium Nitrate - NaN03 Potassium Sulfate - K2S04 
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2.2101 
2.1028 
1.4329 
l. 4893 
l. 3708 
l. 8141 



8 .1. 2 

8.2 

8.2.1 

8.2.1.1 

8.2.1.2 

8.2.2 

ION Chromatography 
01?21-15-0333.0 
June 1989 
Version 0.1 
Page 3 of 8 

When all chemicals are dissolved, dilute to the mark with filtered deionized water. Store this solution at 4oc. The limiting reagent in the stability of this stock standard solution is the phosphate ion. Therefore, the stability of stock solution will be monitored by using a batch of phosphate stock solution (not more than one month old) in the preparation of the calibration verification standard (See section 8.2.1.2). 

Working Calibration Standards 
To a series of 100 mL volUllletric aliquots of the stock calibration mark with deionized water. 

VolUllle of Stock 
Standard mL 

o.ooo 
0.050 
0.100 
0.500 
1.000 
1.500 
2.500 

flasks add the indicated standard. Dilute to the 

concentration 
Cmg/Ll 

o.oo 
0.50 
1.00 
5.00 

10.00 
15.00 
25.00 

Calibration Verification Standards 
Calibration Verification stock Solution 
Prepare another stock standard from alternate salt sources as described in section 8.1.1.2. 

Phosphate stock standard solution (1000 mgjL.) In a 1 L volumetric flask containing approximately 900 mL of deionized water, dissolve 4.3937 g of KH2P04. Dilute to the mark with deionized water. The stability of this solution, when stored at 4oc, is one month. 
Calibration Verification Standard (CV) - (10 mg/L for all anions) to a 100 mL volumetric flask containing approximately 80 mL of deionized water add 1.0 mL of calibration verification stock solution and 1.0 mL of phosphate stock standard solution. Dilute to mark with deionized water. 
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9.0 

9.1 

9 .1.1 

9 .1. 2 

9.2 

9. 2.1 

9.3 

9.4 

9.5 

9.6 

9.6.1 

9.6.2 

9.6.3 

INSTRUMENT PARAMJTERS 

Columns 

AG4 or AG4A Guard column 

AS4 or AS4A Separator Column 
Eluant - 3mM NaHC03/2,4mMNa,C03 
Flow Rate - 2.0 mLjmin 

Regenerant - 25 mN H2S04 

ION Chromatography OP21-15-0333.0 
June 1989 
Version 0.1 
Page 4 of 8 

Detector - Conductivity Detector @ 10 us full scale. 
Sample Loop ~ 100 uL 

Expected Instrument Conditions: 
Pressure Reading - Approxmately 700psi 
Suppressed Background Conductivity (SBC) - approxmately 25 us. 

App:J:"oKimate Retention "t:imes at above instrument settings are: 

___ Anion 

Fluoride 
Chloride 
Phosphate-P 
Bromide 
Nitrate-N 
sulfate 

Bet.ept-lon T±me--Cnrill r-
1.12 
1. 65 
2.32 
3.14 
3.60 
4.54 

10.0 PRESERVATION 

Mien 

Fluoride 
Chloride 
Phosphate-P 
Bromide 
Nitrate-N 
Sulfate 
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Preservation 

None Required 
None Required 
Cool to 4oc 
None Required 
Cool to 4oc 
Cool to 4oc 



ll. 0 

12.0 

12.1 

12. l.l 

12. l. 2 

12.2 

12.2.1 

12.2 .l.l 

12.2.1.2 

12.2 .1. 3 

12.2.2 

12.2.2.1 

Anion 

Fluoride 
Chloride 
Phosphate-l? 
Bromide 
Nitrate-N 
Sulfate 

PROCEDURE 

Sample Preparation 

ION Chromatography 
OP21-l5-0333.0 
June 1989 
Version 0.1 
Page 5 of s 

Holding Time 

28 Days 
28 Days 
48 Hours 
28 Days 
48 Hours 
28 Days 

Filter all samples using Whatman # 42 filter paper. 
Prepare 1:10 dilutions on all samples. 
Instrument Operation 

Obtain stable chromatographic systems. 
Ensure eluant and regenerant reservoirs are full. 
Turn on pump and begin regenerant flow. 
Obtain a stable suppressed background conductivity. It· should normally be in the range of 25 us. If it goes higher than around 30 to 35, then a problem may exists within the system. Check eluant and regenerant concentrations, as well as column bed supports. 
Input schedule of the days run. 
A typical schedule of similar to the following: 

cycle # 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
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the anaylsis run would look 

Sample # 

Blank 
Autocal lR 
Autocal 2R 
Autocal JR 
Autocal 4R 
Autocal 5R 
Blank 
Mid Scale rev 
Mid Scale rev 
Sample X 
Sample X, 1:10 
etc. 
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12.2.3.1 
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Save the schedule using the following nomenclature. 
SCH-----

Where ------ is the days date. For example, a schedule 
produced on 3/6 would be saved as SCH0306. 
Prepare method file for operation. 
Run test chromatogram to determine exact retention times 
under current operating parameters. 

12.2.3.1.1 From execute menu (Key label O) LOAD CIM (Label 2). Default through each response by pushing the include: 

Use system : 1 

line providing the correct enter button. Normal responses 

Use Schedule : No (This time only) Sample Name : Standard Concentration Method File Name: This method containing the instrument control parameters. (SEE DIONE~ user manuals.) Data File Name: Use a general file in which to store the condition check standard analysis. Default throt.~glLremaining--.1.-ines-. ---- ------------
---------····-----------------

12.2.3.1.2 When CIM is successfully loaded start run (Key Label 7). 12.2.3.2 

12.2.3.3 

12.2.3.4 

12.2.3.5 

12.2.4 

12.2.5 

When test chromatogram is complete, return to main 
menu. Load method file. 
From method menu, go into calibration parameters. 
Update all retention times. 
From method menu go into report parameter. Update file name with date corresponding to schedule name. For example if the schedule name is SCH0306 the data file will be DATOJ06. 

data 
file 
then 

save current method file. menu. (Key Label 8). Return to main 
Load sample tray according to schedule. 

fllU'\<.1.1 Load execute!\ (Key Label 0) and LOAD CIM (Key Label 2). 
Answer questions again except this time use schedule (give 
name). start Run (Key Label 7). 
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13.0 Q'QAL'I'l'I CONTROL 

ION Chromatography 
OP21-l5-03J3.0 
June 1989 
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Calibration curves must be compose of a minimum blank and 5 standards. Linear calibration curves have a minimum correlation coefficient of 0.996, must be reported with the raw data. 

of a 
must 

which 

Calibration curve must be verified with a mid-range check standard prepared independently from the calibration curve standards. The check standard must not vary more than ten (10%) percent from the true value. 

calibration verification will be performed with a calibration blank and check standard after every ten samples and at the end of the analysis. The check standard must not vary more than ten (10%) percent from the true value. 

Dilute samples if they highest standard or if calibration curve. 

are more concentrated than the they fall on the plateau of a 

A minimum of one preparation blank must be analyzed per sample batch to determine if contamination has occurred. For this parameter, the calibration check blank and preparation blank are equivalent. 
At--m-inimum of one preparation blank must be analyzed per sample batch to detel:llline if contamination has occurred. For this parameter, the calibration check blank and preparation blank are equivalent. 
Duplicate laboratory control samples (LCS) will be included with each sampie batch of 20 samples. The analyzed result must not vary more than 10% from the true value. For this parameter, the LCS and the calibration check standard are equivalent. 

Matrix spike and duplicate samples must be analyzed as requested by the client. 
14.0 CALCULATION 

Perform a linear regression analysis of the calibration standard results for each of the anions. Compare the sample results to each curve to determine the anion concentration. 

15.0 MJTHOD PERfORMANCE 

Laboratory control charts will be maintained tor blanks and laboratory control standards. Accuracy and precision will be based on the laboratory control standards. 
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16.0 ANaLYSIS RATE 

ION Chromatography OP21-15-0333.0 
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one analyst can set up a calibration curve in 15 minutes, sample and standard analysis is conducted at an approximate rate of one sample per 12 minutes. 
17.0 SAFETY 

Fully fastened lab coat and safety glasses must be worn. 
All chemical containers should be clean and properly labeled. 

All damaged or broken glassware should be discarded immediately. 

Immediately clean up any materials spilled on the floor, in hoods or on bench tops. 

MS313.RPT/sjd 
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APPENDIX F 

SAMPLING AND ANALYTICAL 
METHODS FOR STACK GASES 

• VOST 

• SW 846 Method 5040 

• Draft EMSL/Total Metals 

• EPA Method 10 

• EPA Method 3A 

• EPA Method 3 

• EPA Method 5 

• EPA Method lA 





0173L 

VOLATILE ORGANIC SAMPLING TRAIN 
(VOST) 

Sampling Method For: 

• Volatile Organics 





METHOD 0030 

VOLATILE ORGANIC SAMPliNG TRAIN 

1.0 PRINCIPLE AND APPLICATION 

Ll Principle 

1.1.1 This method describes the collection of volatile prfncfpal organic hazardous constituents (POHCs) f~ the stack gas effluents of hazardous waste Incinerators. For the purpose of deflnftfon, volatile POHCs are those POHCs with bo111ng points less than 1oo•c. If the bo11fng point of a POHC of Interest Is less than Jo•c, the POHC may break through the sorbent under the conditions of the sample collection procedure. 

1.1.2 F1e1d application for POHCs of thfs type should be supported by laboratory data which demonstrate the efficiency of a vo1at11e organic sampling train (YOST) to collect POHCs with boflfng points less than Jo•c. This liy require using reduced sample volumes collected at flow rates between 250 and 500 ml/aln. Many compounds which bo11 above loo•c (e.g., chlorobenzene) may also be efffcfently collected and analyzed usfng this aethod. YOST collection efficiency for these compounds should be demonstrated, where necessary, by laborato~ data of the type .described above. 

conta~~~~~'t!m,:e~~-e!f}~i~~~:~·-~~~~~l~~~-o~~;:!~!i:if1. source at a flow rate of 1 L/afn, usfnq a g1ass-1fned probe and a volatile organic saaplfng train (YOST). . (Operation of the YOST under these condftlons has been called FAST-YOST.) The gas strea. fs cooled to 2o•c by passage through a water-cooled condenser and volatile POKes are collected on a pair of sorbent resin traps. liquid condensate fs collected fn an lmpinger placed between the two resin traps, The first resin trap (front trap) contains approximately 1.6 g Tenax and the second trap (back trap) contains approximately 1 g each of Tenax and petroleuabased charcoal (SKC lot 104 or equivalent), 3a1 by volume. A total of stx pafrs of sorbent traps may be used to collect volatile POKes froa the effluent gas strew.. 

1.1.4 An alternative set of condltfons for saBple collection has been used. Thh aethod fnvohes collecting sample vo1U~~~~e of 20 11ters or less at reduced flow rate. (Operat1on of the YOST under these conditions has been referred to as SLO-VOST.) Thfs ~thod has been used to collect 5 Hters of saaple (0.25 l/111fn for 20 lll!fn)·. or 20 Hters of sample (0.5 L/sfn for 40 111fn) on each p&fr of sorbent cartridges. Smaller sample vo1wmes collected at lower flow rates should be considered when the bof11ng points of the POHCs of Interest are below 35•c. A total of sfx pafrs of sorbent traps ~ be used to collect volatile POHCs f~ the effluent gas streag, 
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1.1.5 Analysts of the traps fs carrfed out by ther.al desorptfon purge-and-trap by gas chroutography/lllss spectr011etry (see Method 5040). The YOST fs desfgned to be operated at 1 L/afn wfth traps befng replaced every 20 afn for a total s~l fng tfae of 2 hr. Traps lilY be &nalyzed separately or colllbfned onto one trap to faprove detectfon lf•ft. However, additional flow rates and samplfng times are acceptable. Recent experience has shown that when less than .axiaua detection abflity fs required, it fs acceptable and probably preferable to operate the VOST at o.s L/ain for a total of three 40-min perfods. Thfs preserves the 2-hr sampling perfod, but reduces the nUMber of cartrfdge changes fn the ffeld as well as the nUiber of analyses requfred. 
1.2 Applicatfon 

1.2.1 Thfs aethod fs applfcable to the deterafnatfon of volatfle POHCs fn the stack gas effluent of hazardous waste fncfnerators. Thfs aethod fs desfgned for use in calculating destructfon and reaoval efffcfency (ORE) for the volatile POHCs and to enable a deterainatfon that DRE values for reaoval of.the volatfle POHCs are equal to.or greater than 99.991. 

1.2.2 The sensftfvfty of thfs ~thod fs dependent upon the level of fnterferences fn the sample and the presence of detectable levels of volattle POHCs fn blanks. The target .. -<fetectfon lfaft of thfs ~thod fs 0.1 ug/113 (ng/L} of flue gas, to peraft calculatfon of a DRE equal to or greater than 99.991 for volatfle POHCs whfch 111y be present fn the waste streu at 100 pp;;. The upper end of the range of applfcabflfty of thfs ~thod fs Hafted by breakthrough of the volaUle POtiCs on the sorf:lent ~=:~~~~~0. ~~:c:f t~~~ '::'l~Oo u~~r(~~/{) ':~·!:c~~ d~!r a~~1: POHCs collected on a pafr of sorbent traps usfng a total saaple voluae of . ~!I ~ftel'!_ or less jsee __ faragrapiLl.l.ll~ ------~--------------- -- -- · ·· ·· 
1.2.3 This aethod fs recOBBended for use only by experienced saaplfng personnel and analytical cheaists or under close supervisfon by such qualfffed persons. 

1.2.4 Interferences arfse prfaarily froa background contaainatfon of sorbent traps prfor to or after use fn suple collection. Many potentfal interferences can be due to exposure of the sorbent 111terfals to solvent vapors prfor to assedlly and exposure to signfffcant concentratfons of volatfle POHCs fn the aabfent air at hazardous waste incinerator sftes. 

1.2.5 To avoid or ainiafze t~e low•level contufnation of trafn components wfth volatfle POHCs, care ;nould be taken to avofd contact of all lnterfor surface or train components wfth synthetfc organic aaterfals {e.g., organfc solvents, lubrfcatfng and sealing greases), and trafn components should be carefully cleaned and condftioned accordfng to the procedures described in thfs protocol. 
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2.0 APPARATUS 

2.1 Volat11e O~an1c sayeltng Traln: A schematic diagram of the principal components ~ the VOS 1s shown fn Figure 1 and a diagram of one acceptable version of the YOST h shown ln Figure 2. The YOST consists of a glass-lined probe followed by an Isolation valve, a water-cooled glass condenser, a sorbent cartridge containing Tenax (1.6 g), an empty 1mp1nger for condensate removal, a second water-cooled glass condenser, a second sorbent cartridge containing Tenax and petroleum-based charcoal (J:l by volume; approximately 1 g of each), a s111ca gel drying tube, a calibrated rotameter, a sampling pump, and a dry gas meter. The gas pressure during sampling and for leak-checking Is monitored by pressure gauges which are in lfne and downstream of the s111ca gel drying tube. The components of the sampling train are described below. 

2.1.1 Probe: The probe should be made of stainless steel with a borosilicate or quartz glass liner. The temperature of the probe Is to be maintained above 130"C but low enough to ensure a resin temperature of zo•c. A water-cooled probe may be required at elevated. stack temperatures to protect the probe and meet the above requirements. Isok1net1c sample collection Is not a requirement for the use of YOST sfnce the compounds of Interest are 1n the vapor phase at the point of sample collection. 

2.1.2 Isolatfon valve: The Isolation valve should be a greaseless stopcock w1th a glass bore and · s11dtng Teflon plug with Teflon wfpers (Ace 8193 or equivalent). 

-2.1.3 Condensers: The condensers (Ace 5979-14 or equivalent) should be of suff1c1ent capacity to cool the gas streaa to zo•c or less prior to passage through the first sorbent cartridge. The top connection of the condenser should be able to form a leak-free, vacuue-t1ght seal without usfng sealfng greases. 

2.1.4 Sorbent cartridges: 

• 2.1.4.1 The sorbent cartridges used for the YOST aay be used fn either of two configurations: the fnsfde-outsfde (I/O) configuration in which the cartrfdge fs held ~thin an outer glass tube and tn a metal carrier, and the fnsfde-tnside {1/I) configuration in whfch only a sfngle glass tube fs used, wfth or without a meta1 carrier. In either case, the sorbent packing wf11 be the Silllll!, 

2.1.4.1.1 The first of a pair of sorbent cartridges sha11 he packed with approximately 1.6 g Tenax 6C resin and the second cartridge of a pa1r shall be packed w1th Tenax GC and petroh1111-based charcoal (3:1 by vohae; appro111aate1y 1 g of each). 

2.1.4.1.2 The second sorbent cartridge sha11 be packed so that the sa.p1e gas stre~ passes through the Tenax layer first and then through the charcoal layer. 
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2.1.4.2 The sorbent cartridges shall be glass tubes with 
approxi.ate diaensions of 10 01 by 1.6. 01 1.0. The two acceptable 
designs (I/0, III) for the sorbent cartridge are described fn 
further detafl below. 

2.1.4.2.1 Inside/Inside sorbent cartridge: A diagra. of 
an I/I sorbent cartridge fs shown in Ffgure 3. This cartridge 
fs a sfngle glass tube (10 c• by 1.6 c. I.O.) which has the 
ends reduced in sfze to accommodate a 1/4- or 3/8-in. Swagelok 
or Cajon gas fitting. The resfn fs held fn place by glass wool 
at each end of the resin layer. The amounts of each type of 
sorbent 111terial used fn the III desfgn are the same as for the 
I/0 design. Threaded end caps are placed on the sorbent 
cartridge after packing with sorbent to protect the sorbent 
fro. conta.ination durfng storage and transport. 

· 2.1.4.2.2 Inside/OUtside type sorbent cartridge: A 
dfagra. of an I/0 sorbent cartridge is shown in Figure 4. In 
this design the sorbent ~~aterials are held fn the glass tube 
w1th a fine aesh stainless steel screen and a C-clip. The 
glass tube fs then placed withfn a larger dfameter glass tube 
and held fn place using Viton o-rings. The purpose of the 
outer glass tube fs to protect the exterior of the resin
containing tube fro• conta.inatfon. The two glass tubes are 
held in a stainless steel cartridge holder, where the ends of 
the glass tubes are held in place by Vfton o-rfngs placed in 
aachfne grooves fn each aetal end pfece. The three cylfndrfcal 
rods are secured fn one of the •tal end pfeces and fastened to 
the other end pfece usfng knurled nuts, thus sea11 ng the glass 
tubes into the cartridge holder. The end pieces are fitted 
with 1 threaded nut onto which a threaded end cap is fftted 
with a Yiton 0-ring seal, to protect the resfn fro. 
corffiifnatton aurfilg -transpcftrancistor~ge;-· - -- -- -

2.1.5 Metering syste.: The Mtering syst .. for YOST shall consist 
of vacuu. gauges, a leak-free pump (Tho.as Model 107 or equivalent, 
Thomas Industries, Sheboygan, Wisconsin), a calibrated rotameter (Linde 
Model 150, lfnde Divfslon of Unfon Carbide, Keasbey, New Jersey) for 
.anitoring the gas flow rate, a dry gas meter wfth 21 accuracy at the 
required s~~plfng rate, and related valves and equfpaent. Provisions 
should be 111de for .anftoring the temperature of the sa.ple gas str~• 
between the ffrst condenser and first sorbent cartridge. This can be 
done by placfng a tlltr.acouple on the exterfor glass surface of the 
outlet fro~ the ffrst condenser. The te.perature at that point should be 
less than 2o•c. If ft is not, an alternative condenser providing the 
required coolfng capacity must be used. 

2.1.6 Sa.ple transfer lfnes: All sample transfer lines to connect 
the probe to the YOST shall be less than 5 ft in length, and shall be 
heat-traced Teflon w1th connecting fittings whfch are capable of for.ing 
leak-free, vacuum-tight connections without the use of sealing grease. 
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All other sample transfer lines used w1th the YOST shall be Teflon with connecting fittings that are capable of foralng leakefree, vacuu~-t!ght connections without the use of sealing grease. 

3.0 REAGENTS AND MATERIALS 

3.1 2,6e0lpheny1ene oxide polymer (Tenax, 35/60 Besh): 

3.1.1 The new Tenax is Soxhlet extracted for 24 hr with methanol (Burdick l Jackson, pesticide grade or equivalent). The Tenax 1s dried for 6 hr In a vacuum oven at so•c before use. Users of !/0 and I/I sorbent cartridges have used slightly different thermal cond1t1on1ng procedures.· I/0 sorbent cartridges packed wlth Tenax are thermally conditioned by flowing organlcefree nitrogen (30 ml/mln) through the resfn whlle heating to 190'C. Some users have extracted new Tenax and charcoal with pentane to remove nonpolar 1apurft1es. However, these users.have experienced problems wlth residual pentane In the sorbents durfng analysis. 

3.1.2 If very h1gh concentrations of volatile POHCs have been collected on the resin (e.g., micrograms of analytes), the sorbent ~Y require Soxhlet extraction as described above. Previously used Tenax· cartridges are thermally reconditioned by the method described above. 
3.2 Charcoal (SKC petroleum-base or equivalent): New charcoal Is prepared and charcoal fs reconditioned as described 1n Paragraph 4.4. New charcoal does not require treatment pr1or to assembly fnto sorbent cartridges. users of YOST have restricted the types of charcoal used in sorbent cartridges to only petroleum-based types. Criteria for other types of charcoal are acceptable tf recovery of POHC In laboratory evaluations meet the criteria of 50 to 1501. 

3.3 Vfton-G-Rfgg: All 0-rtngs used In YOST shall be Vfton. Prfor to use, these 0-rings s uld be thermally conditioned at 200•c for 48 hr. O-r1ngs should be stored in clean, screw-capped glass containers prior to use. 
3.4 Glass tubes/Condensers: The glass res1n tubes and condensers should be cleaned with a non1on1c detergent 1n an ultrasonic bath, rinsed well with organic-free water, and dried at 11o•c. Resin tubes of the I/0 design should be assembled prior to storage as described tn Paragraph 4.1. Res1n tubes of the III design can be stored 1n glass culture tube containers with cotton · cushfonfng and Tef1on-1tned screw caps. Condensers can be capped w1th appropriate end caps prior to use. 

3.5 Metal parts: The stainless steel carriers, C-clfps, end plugs, and screens used 1n the I/0 YOST design are cleaned by u1trason1cat1on fn a warm non1on1c detergent so1ut1on, rinsed with d1st111ed water, a1r-dr1ed, and heated in a ~Mff1e furnace for 2 hr at 40o•c. Resin tubes of the III design require Swagelok or equivalent end caps wtth Supe1co M-1 ferrules. These should be heated at 19o•c along with the asselbled cartridges. 
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3.6 Silica ~1 (Indicating type, 6-16 .. sh): New silica gel .ay be used IS received, S1l\Ca gel whiCh hiS been previously USed should be dried for 2 
hr at 175'C (350"F). 

3.7 Cold packs: Any commercially available reusable liquids or gels that can be repeatedly frozen are acceptable. They are typically sold In plastic containers as "Blue Ice• or "Ice-Packs.• Enough should be used to 
keep cartridges at or near 4"C. 

3.8 Water: Water used for cooling train components In the field aay be tap water;-ana-water used for rinsing glassware should be organic-free. 
3.9 &lass wool: &lass wool should be Soxhlet extracted for 8 to 16 hr, 

using methanol, arid oven dried at 110"C before use. 

I ~\ 

. 4.0 SAMPLE HAHDLIII6 AND PROCEDURE 

4.1 Asselllblx: 

4.1.1 The assembly and packing of the sorbent cartridges should be carried out In an area free of volatfle organic aaterlal, preferably a laboratory In which no organic solvents are handled or stored and In which the laboratory afr Is charcoal filtered. Alternatively, the assellbly procedures can be conducted In a glove box which can be purged 
with organic-free nitrogen. 

4.2 Tenax cartridges: 

4.2.1 Jbe Tenax, glass tubes, and .. tale~rtrfdge parts are cleaned and stored (see Section 3.0), Approxlaately 1.6 g of Tenax Is weighed and packed fnto the sorbent tube which has a stainless steel screen and 
e-el lp (IIO_~~signL~!'- __ gl !!~ -~ t __ (IlL des.tanLl!L!Ite_do!ms.treu .end. ·rhelenax·fs llilil fn place by Inserting a stainless steel screen and . C-cllps In the upstreu end (I/0 design) or glass wool (I/I design). Each cartridge should be aarked, using an engraving tool, with an arrow to Indicate the direction of SIIPle flow, and a serial number. 

4.2.2 Cond1t1oned resfn tubes of the I/0 design are then asselbled Into the .. tal carriers according to the previously described Inside/Inside or 1ns1de/outslde procedures (wfth end caps) and are placed on cold packs for storage and transport. Conditioned resfn tubes of the I/I desfgn are capped and placed on cold packs for storage and transport. 
4.3 Tenax/Charcoal tubes 

4.3.1 The Tenax, charcoal, and metal cartridge parts are cleaned and stored as previously described (see Section 3,0). The tubes are packed with approxlaately a 3:1 volume ratio· of Tenax and charcoal (approxlaately 1 g each). The Tenax and charcoal are held In place by the stainless steel screens and C-clfps (I/0 design) or by glass wool (I/I design). The glass tubes containing the Tenax and charcoal are then 
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conditioned as described below (see Paragraph 4.4). Place the I/0 glass tubes In the metal carriers (see Paragraph 2.1.4.2.2), put end caps on the assembled cartridges, mark direction of sample flow and serial number, and place the assembled cartridges on cold packs for storage and transport. 

4.3.2 Glass tubes of the I/I design are conditioned, and stored In the same manner as the I/O tubes. 

4.4 Trap Condlt1on1ng - QC 

4.4.1 Following assembly and leak-checking, the traps are connected In reverse d1rect1on to sampling to a source of organic-free nitrogen, and nitrogen 1s passed through each trap at a flow rate of 40 al/mln, wh11e the traps are heated to 19o•c for 12-28 hr. The actual condlt1onfng period may be determined based on adequacy of the resulting b 1 ank checks. 

4.4.2 The following procedure is used to blank check each set of sampling cartridges prior to sampling to ensure cleanliness. The procedure provides semf-quant1tat1ve data for organic coapounds wfth boiling pofnts below 11o•c on Tenax and Tenax/Charcoal cartridges. It fs not fntended as a substitute for Method 5040. 

4.4.2.1 The procedure fs based on theraal desorption of each set of two cartridges, cryofocus1ng wfth lfqufd nitrogen onto a trap packed wfth glass beads, followed by thermal desorption from the trap and analysts by GC/FID. 

4.4.2.2 The detection 11m1t fs based on the analysts of Tenax cartridges spiked wfth benzene and toluene and fs around 2 ng for each coapound. · 

4.4.2.3 The results of analyzing sptked cartridges on a daily bash should not vary by more than 20 percent. If the results are outside thfs range, the ina1yt1ca1 system must.be evaluated for the probable cause and a second spiked cartridge ;ma1yzed. 

4.4.2.4 The GC operating condftfons are as follows: 
GC Operatfnq Conditions 

Column: Packed coluan 6 ft x 1/8" stainless steel 1.0 perc~nt SP-1000 on C&rilopack II 60/80, or equha1ent. 
Tl!illll)erature program: so•c for 5 1111tn, 20•t/1111n ~IICn!UI!I to too•c, hold u 1111fn. ·. 
Inj~<:tor: 2oo•c. 
Detector: F.I.D. 2so•c. · 
Carrier Gas: Helium at 25 1111L/11111n. 
Sample valve: Va1co 6-port w1th 40" x 1/16" stainless steel trap packed ~1th 60/80 mesh glass beads. Cryogen: liquid nitrogen. . 
Trap heater: Bo111ng water, hot oil, or e1ectr1ca11y heated. 
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Desorption heater: Supelco •eta. shett• (high capacity carrier 
gas purifier) heater and Yarfac, adjusted to 180"C to 
2oo•c. 

4.4.2.5 Calibration fs accomplished by preparing a spiked 
Tenax cartridge wfth benzene and toluene and analyzing according to 
the standard operating procedure. A standard of benzene, toluene 
and bromofl uorobenzene (BFB) fs prepared by fndecttng 2.0 ul of 
benzene and to 1 uene and 1. 0 ul of BFB ·· f nto 10 Ill of ~~ethano 1 • The 
concentration of this stock fs 175 ng/ul of benzene and toluene, and 
150 ng/ul BFB. One microliter of the stock standard fs injected 
onto a Tenax cartridge through a heated Injection port set at 150"C. 
A GC oven can be used for thfs wfth the oven at roo. temperature. 
He 1 f u11 carr! er gas fs set at 50 •LI•f n. The so 1 vent flush technf que 
should be used. After two •fn, remove the Tenax cartridge and place 
fn the desorption heater for analysis. BFB Is also used as an 
Internal standard spike for GC/MS analysis which provides a good 
comparison between GC/FID and GC/MS. The results of this spike 
analysis should not vary .are than 20 percent day to day •. Initially 
and then periodically thfs spiked Tenax should be reanalyzed a 
second.tf~~e to verify that the 10 •In desorption tf~~e and 180-200"C 
te~~perature are adequate to re.ave all of the spiked components. It 
should be noted that only one spiked Tenax cartridge need be 
prepared and analyzed dally unless otherwise needed to ensure proper 
lnstru~~ent operation. 

An acceptable blank level fs left to the discretion of the 
~~ethod analyst. An acceptable level fs one that allows adequate 
detent1natfon of expected c011p0nents e.ftted fro~~ the waste befng 
burned. 

____ !. 4 .._:t___Aft~r ~on.ditJonJng~ _tr.aps_artLualed_ancLplaced .on.-eo ld .packs 
until sa~~plfng Is accomplished. Conditioned traps should be held for a 
•fnf.u. a.aunt of tf~~e to prevent the possfbflfty of conta.fnatfon. 

4.4.4 It .ay bf useful to spike the Tenax and Tenax/charcoal traps. 
with the compounds of interest to ensure that they can be thermally 
desorbed under laboratory conditions. After spiked traps are analyzed 
they .ay be reconditioned and packed for sa.plfng. 

4.5 Pretest preparation: 

4.5.1 All trafn components shall be cleaned and assembled as 
previously described. A dry gas ~~eter shall have been calibrated within 
30 days prior to use, using an EPA-supplied standard orifice. 

4.5.2 The YOST is assembled according to the schematic diagram In 
Figure 1. The cartridges should be positioned so that sample flow fs 
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through the Ten~ first and then the Tenax/charco~1. Coo11ng water should be circulated to the condensers and the t~rature of the cooling water should be maintained near o•c. The end caps of the sorbent cartridges should be placed In ~ clean screw-capped glass container during sample collection. 

4.6 leak-checking: 

4.6.1 The train is leak-checked by closing the valve at the inlet to the first condenser and pulling a vacuum of 250 mm (10 ln. Hg) above the normal operating pressure. The traps and condensers are Isolated from the pump and the leak rate noted. The leak rate should be less than 2.5 mm Hg after 1 min. The train Is then returned to atmospheric pressure by attaching a charcoal-filled tube to the trafn inlet and admfttfng ambient air filtered through the charcoal. Thts procedure w111 
~1n1mfze contamination of the YOST components by excessive exposure to the fugitive emissions at hazardous waste incinerator sites. 
4.7 · Sample Collection 

4.7.1 After leak-checking, sample collection 1s accomplished by opening the valve at the inlet to the ffrst condenser, turning on the pump, and sampling at a rate of 1 11ter/mln for 20 mfn. The volume of sample for any patr of traps should not exceed 20 liters. 
4.7.2 Fo11ow1ng collection of 20 lfters of sample, the traln 1s leak-checked a second tf.e at the highest pressure drop encountered during the run to m1n1m1ze the chance of vacuua desorption of organics from the Tenax. The train ls returned to &taospherfc pressure, using the method discussed ln Paragraph 4.1 and the two sorbent cartridges are raoved. The end caps are replaced and the cartridges shall be placed tn a suitable environment for storage and transport unt11 analysis. The sample h cons1dered hvaHd 1f the leak test does not meet spec1f1cat1on. 

4.7.3 A new pafr of cartridges Is placed fn the YOST, the YOST leak-checked, and the sample co11ec:t1on process repeated as described above. Sample collection continues until six pairs of traps have been used. 

4.7.4 A11 saap1e cartridges should be tept on cold packs untf1 they an ready for analysis. . 
4.8 Blanks 

4.8.1 field blanks/trip blanks: Blank Tenax and Tenax/charcoa1 cartridges are taken to the sampling site and the end caps removed for the per1 od of tflllli requf red to exchange two pat rs of traps on YOST. After the two YOST traps hav111 been exchanged, the end caps are replaced on the blank Tenax and Tenax/charcoa1 tubes and these are returned to the cold packs and analyzed with the sample traps. At least one pair of f1e1d blanks (one Tenax, one Tenax/chareoa1) shall be 1nc1uded with each · 
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stx patrs of saaple cartridges collected (or for each field trial using 
YOST to collect volatile POHCs). 

4,8,2 Trtp blanks: At least one pair of blank cartridges (one 
Tenax, one Tenax/charcoal) shall be Included wtth shfpaent of cartridges 
to a hazardous waste Incinerator site. These "field blanks" will be 
treated like any other cartridges except that the end caps wfll not be 
removed during storage at the site. This pair of traps will be analyzed 
to 10nltor potential contamination which aay occur during storage and 
shlpa~ent. 

4.8.3 Laboratory blanks: One pair of blank cartridges (one Tenax, 
one Tenax/charcoal) will reaaln fn the laboratory using the .. thod of 
storage whtch ts used for field sa.ples. If the ffeld and trip blanks 
contain high concentrations of contaalnants (e.g., greater than 2 ng of a 
particular POHC), the laboratory blank shall be analyzed In order to 
fdentffy the source of contamination. 

5.0 CALCULATIONS (for sa.ple volume) 

5.1 The following nomenclature are used In the calculation of sample 
vol1111e: 

Pbar • 8al'OIIetrlc pressure at the exft orlftce of the dry gas JDeter, 111 
(fn.) Hg. 

Pstd • Standard absolute pressure, 760 • (29.92 fn.) lfg, 

TJI • Dij gas lllleter average absolute taperature, IC ("R). 

----· __ T ~~!L~ Standard abso!~tt_!emperature, 293K J528"~R)~ • .____ 

v. • Dry gas volu. Masured by dry gas Mter, dQ (dcf), 

Y•(std) • Dry gas volu. Masured by dry gas Mter, corrected to standard 
condlt·lons, dsc. (dscf). 

7 • Dry gas Mter calibration factor. 

5.2 The volu.. of gas sampled fs calculated as follows: 

Tstd 'bar v. 'bar 
Y•(std) • Y•7 f P • K17 -=..,...=::.. 

• std • 
where: 

K1 • 0.3858 K/~a Hg for metric units, or 

Kl • 17.64 "R/In. Hg for English units. 
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6.0 ANALYTICAl PROCEDURE 

See Pltthod 5040. 

1.0 PRECISION AND ACCURACY REQUIREMENTS 

7.1 Method Performance Check 

Pr1or to field operation of the YOST at a hazardous waste 1nc1ne
rator, a method performance check should be conducted using e1ther 
selected volatile POHCs of Interest or two or .ore of the volatile POHCs 
for which data are available. Th1s check ~y be conducted on the entire 
system (VOST/GC/MS) by analysts of a gas cylinder containing POHCs of 
interest or on only the analytical systee by spfk1ng of the POHCs onto 
the traps. The results of this check for replicate patrs of traps should 
demonstrate that recovery of the analytes fall within 501 to 1501 of the 
expected Villues. 

7.2 Performance Audit 

llur1ng a tr1al bum a performance audft IIIUSt be COII!p1eted. Tiui 
iludlt results should agree within 50S to 1501 of the expected value for 
each specific target compound. Th1s audit consists of collecting a gas 
sample containing one or more POHCs 1n the YOST free an EPA ppb gas 
cylinder. Collection of the audit sample 'in the YOST uy be conducted 
either in the 1aboratol')' or at the trial bum sae: Areaysh cif "tfii. YOST 
audit sample must be by the saee person, at the saee t1ae, and with the 
saee ana1ytfca1 procedure as used for the regular YOST trail bum 
suples. EPA ppb gas cylinders currently available for YOST Audit ilre 
shown 1n Table 1 below. 

The audit procedure, audit equfs-nt and audit c:y11nder ~Y be 
obtained by writing: 

Audit Cylinder Gas Coordinator (MD-771) 
Quality Assurance D1v1s1on . 
Env1ronaenta1 Nonftorfng Systel$ laboratol')' 
u.s. Envfronaenta1 Proted1on Agency 
Research Triangle Park, NC 27711 

or by c:a11fng the Audft t,ylinder Gas Coordinator at (t19) 541·4531. 

The request for the audft must be ~de at least 30 days prior to the 
scheduled trial bum. If a POHC h selected for wllfch EPA does not have 
an audft cylinder, this audit ·fs not required. 
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. . 
TABLE 1: Organic Gases 1n'l~e ppb Aud1t Repository 

Group I 

5 Organtcs fn Nz: 

Carbon tetrachloride 

Chlorofon~ 

Perchloroethylene 

V1ny1 c:h.1or1de 

Benzene 

Group U 

9 OrgMta hi !It 
Trichloroethylene . . . . .. 
1,2-D1ch1oroethine 

. ' . 
1,2-Dfbro~Dethane · 

f-12 

f-U 

81'0!11011Beth~~~e 

Methyl et~1 ketone 

1,1,1-Trldlloroethncl 

Acetronnrne 

F-17 

Ranges of cylinders 
currently ava1hb1e:. 

7 - 90 ppb 

90 - 430 ppb 

430 - 10,000 ppb 

Ranges of cyHnders 
currently available: 

7"- 90 ppl:l 

!10 - 430 ppb 



... 

TAIL£ 1: · 0rglnic Cans ,,. ,tht j)pb Aud1t ReposJ~~t~~fnue<l) .. ";• ~·I 

·• 

--- ...... --
t;j:o!ip-ui · ·: · 
7 ·arganfes fn_ liz: . 
V1nyl1deril-'C:iit~~d~· < 

• 
~-114 '·' 
... . ·,.:J~ 

ACttolle. 

r:l-nfb~n• ' ~ ,. · .. 
Tolue~~;··-~, '' . . . 
Cht;~Jene_· .. · . . ---. . ... ~·~~ 
Ct.~~~~- --~~.- . 

--· Group ~l.. , . 

. '-~~J~ ~1-----··-
ACrylbtlttl!n:):. '· :·· ~ 
i 'l!~tict~lli1~"-· ..... 
'Eth;fcal;itiVJt . . . ..... 
Methyl;.,,.. &.i/~1~-.. . 
Propylene ox1de · 

~ i.~¥ : ., 

-ortlfo.:m•~tt- . ···;· ,. 
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MODIFIED METHOD 5040 

OPERATING PRACTICE METHOD 5040 
PAGE l OF 10 

PROTOCOL FOR ~YSIS OP SORB~ CARTRIDGBS PROM VOLATILB ORGANIC SAMPLI~ TRAIB 

1.0 SCQPI AND APPLICATIOH 
1.1 Method 5040 was formerly Method 3720 in the Second Edition of this manual. 
1.2 This method covers the determination of volatile prir.cipal organic hazardous constituents (POHCs), collected on Tenax and Tenaxjcharcoal sorbent cartridges using & volatile organic sampling train, VOST (1}. Much of the description for purge-and-trap GC/MS analysis is described in Method 8240 of this chapter. Because the majority of gas streams sampled usinq VOST will contain a hiqh concentration of wat~, the analytical method 1111 based on the quantitative thermal desorption of volatile POHCS from the Tenax and Tenaxjcharcoal traps and analysis by purqe-and-trap GC/MS. For the purposes of definition, volatile POHCs are those POHCs are thosa POHCs vi th boil inq points less than 1oooc. 

1.3 This method is applicable to the analyais of Tenax and Tenaxj charcoal cartridges usecl to collect volatile POHCs from wet stack gas effluents from hazardous waste incinerators. 
1. 4 The sensitivity of the analytical method for a particular volatile POHC depends on the level of interferences and the presence of detectable levels of volatile POHCs in blanks. The desired target detection limit of the analytical method is 0.1 nq/L (20 nq on a single pair of traps) for a particular volat!l111 POHC desorbed from either a sinqle pair of Tenax and Tenaxfcharcoal cartridges or by thermal desorption of up to six pairs of traps onto a sinqle pair of Tenax and 'l'enaxjcharcoal traps. The resulting lllingle pair of traps is then thermally desorbecl and analyzed by purqe-and-trap GCJMS. 

1.5 This method is recommended tor use only by experienced mass spectroscopists or under the close supervision of such qualified persons. 
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2 • 0 SQJIMMY Ol MJTBOP 
2 • 1 A schematic diagram or the analytical system is shown in Fiqura 1. The contents or the sorbant cartridges are spiked with an internal standard and thermally desorbed tor 10 min at 18ooc with organic-tree nitroqen or heliWR gas (at a flow rata or 40 IlL/min) , bubbled through 5 mL or organic-tree water, and trapped on an analytical adsorbent trap. Attar the 10-min desorption, the analytical adsorbent trap is rapidly heated to 18ooc, with the carrier gas flow reversed so that' the effluent flow from the analytical trap is directed into the GCfMS. The volatile POHCs are separated by temperature-programmed gas chromatoqrapahy and detected by low-resolution mass spectrometry. The concentrations or volatile POHCs are calculated using the internal standard technique. 

3.0 INTBRlBRBNCBS 

3.1 Refer to Methods 3500 and 8240. 
4.0 

4.1 Thermal desorption unit: 
4 • 1. 1 The therma:l._ __ ~lla_orption --un.i.t-t£or Inaidi/Iriaide- vosT 

- --- -~cliftriaqe8, use supelco "claaahell" heatert tor Inside/OUtside VOST cartridges, user fabricated unit is required) should be capable of tharaally dasorbing the sorbent resin tubas. It should also be capable of 

4.2 

4.2.1 

<&.3 

, heating the tubes to 280 ± 1ooc with now of organic-free nitrogen or heliua through the tubes. 
Purge-and-trap unit: 
The purge-and-trap unit consists of three separate pieces of equipment: the sample purger, trap, and the desorber. It should be capable of meeting all requirements of Method !5030 for analysis of purqeabla organic compounds from water. 

GCfMS system: As described in method 8240. The analytical column will be DB 62<1 aeqabore capillary column (30mx 0.53mm r.o.) or equivalent. 
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5.0 

5.1 

5.1.1 

5.1.2 

5.1.3 

5.1.4 

RBAGUITI 

OPERATING PRACTICE METHOD 5040 
PAGE 3 OF 10 

Reagent water: Reagent water is defined as water in which an interferant 1a not observed at the method detection limit of the parameter• of interest. 
Reagent water may be generated by passing tap water through a carbon filter bed containing about 450 g of act! vated carbon ( Calgon corporation, Fil trasorb-3 oo, or equivalent). 

·A 'l'!ater purification system (Killipore Super-Q or equivalent) may be used to generate reagent water. 
Reagent water may also be prepared by boiling distilled water for 15 min. Subsequently, while maintaining the temperature at gooc, bubble a contuinant-free inert gas through the water for 1 hr. Allow the water to cool to room temperature while continuing to bubble tfie inert gas through the water. This water should be transferred directly to purge-and-trap apparatus for use. 

Other methods that can be shown to produce organic-free water can be used. 
5. 2 A.zlll!rtlcal __ trap .. _reaqents: -

5.2.2 

5.3 

5.3.1 

2, 6-Diphanylana oxide polymer: Tenax {60/80 mesh), chromatQCJraphic grade or equivalent. 
Silica gal: oaviaon Cheaical (35/00 mash), Grade 15, or equivalent. 

Charcoalr Petroleum-baaed (SKC Lot 104 or equivalent). (Tekaar 14-0124-003). 
Stock standard solution: 
Stock standard solutions will be prepared fro• pure standard materials or purchased ~ certified solutions. The stock standards should be prepared in methanol using assayed liquids or gases, as appropriate. Because of the toxicity of some of the orqanohalides, 
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5.:3.2 

5.4. 

5.4.1 

6.0 

7.0 

7.1 

7.1.1 

OPERATING PRACTICE METHOD 5040 
PAGE 4 OF 10 

primary dilutions of these materials should be prepared in a hood. A NIOSH/MASA-approved toxic gas respirator should be used when the analyst handles high concentrations of such materials. 
Fresh stock standards should be prepared weekly tor volatile POHCs with boiling points of <Jsoc. All other standards must be replaced monthly, or sooner if comparison with check standards indicates a problem. 
Secondary dilution standards: 
Usinq stock· standard solution111, prepare in methanol secondary dilution standards that contain the compounds of interest, either singly or 111ixed together. The secondary dilution standards should be prepared at concentrations such that the desorbed calibration standards will bracket the working range of tpe analytical system. 

' 
BMPLI oomcucm. rusunuou. up JW~M,uq 
Refer to Method OOJO, Chapter Ten. 
sample trains obtained from the VOST should be analyzed within 2·6 weeks of sa~~~ple collection. 
IIC!CJIPUU! 

Assembly of PTD device: 
Assemble a purge-and-trap desorption device (PTD) that meet11 all the requ.irement111 of Method !5030 (refer to Figure l) • 

Connect the thermal desorption devic«a to the PTD. Calibrate the PTD-GC/MS system usinq the internal stedard technique. 
Internal standard calibration procedure: 
Thia approach requirelll th@ll us111 of chlorobenzene-d5 as thea internal st~mdard for tetrachloroethylene. Other internal standards may be proposed for use in certain situations. The important criteria for c:hoosinq a particular compound as an internal standard are that it 
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7.2.2 

7.2.3 

7.2.4 

OPERATING PRACTICE METHOD 5040 
PAGE 5 OF 10 

be similar in analytical behavior to the compounds of 
interest and that it can be demonstrated that the 
measurement of the internal standard be unatfectd by 
method or matrix · interferences. Other internal 
standards that have been used are dlo-ethylbenzene and 
d4-1,,2-dichloroethane. one adds 50 ng of BFB to all 
sorbent cartridges (in addition to one or more internal 
standards) to provide continuous monitoring of the 
GC/MS performance relative to BFB. 
Prepare calibration standards at a :ainimum of three 
con~entration levels for each analyte of interest. The calibration standards are prepared by spiking a 
blank 'l'enax or Tenaxjcharcoal trap with a methanolic 
solution of the calibration standards (including 50 ng 
ot tqe internal standard). 
Analyze each calibration standard tor both 'l'enax ind 
'l'enaxjcharcoal cartridges according to Section 7.3. 
'l'al:>ulate the area response of the characteristic ions 
ot each analyte against the concentration ot the 
internal standard and calculate reaponse factor (RF) 
tor eachcompound, using Equation 1. 

~Where: 
-fl) 

• Area ot the characteristic ion for the analyte to be m~aaure4. 
• Area ot the characteristic ion tor the internal standard. 
• Amount (ng) ot the internal standard. 
• Amount (ng) ot the volatile POHC in calibration standard. 
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7.2.5 

7.3 

7.4 

7.4.1 

7.5 

7.5.1 

• 

OPERATING PRACTICE 
!mTHOD !Hl40 
PAGE li OF l 0 

It the RF value over the workinq ranqe ia a constant (< Jot RSD), the RF can be asaWI!sd to bGI invariant, and th~ii average RF can be used for calculations. Alternatively, the results can bill used to plot a calibration curve of response ratios, As/Ais versus RF. The working calibration curve or RF must be verified on each working day by the measur~t of one or more of the calibration standards. If the response varies by "'lOre than ± 25t for any anal~, a new calibration st~ndard must be prepared and analyzed, for the ana:tyte. 

Th• schematic of the PTD-GC/MS system is shown in Figure 1. The euunple cartridge is placed in the thermal desorption apparatus (for Inside/Inside VOS'l' cartridges, use Supelco "clall.llhell" heater;) and desorbed in the purqe-and-trap eystem by heatinq ~to uooc for 10 min at a flow rate of 40 mL/min. ~e desorbed components pa.s111 into the bottom of the water column, are purqed from the water, and collected on the analytical adsorbent trap. After the 10-ain desorption period, the compounds are desorbed from the analytical adsorbent trap into the GC/MS systn according to the procedures described in Method 8240. 
Qualitative identification: 
The procedur• volatile POHCs Method 8240. 

Calculations: 

for qualitative identification of using thi111 protocol i111 described in 

When an analyte ha111 been qualitatively identified. quantification 111hould bill based on the integrated abundance tr0111 the EICP of the pr:buu'y characteristic ion cboaum for the analyte. If the llll&~~~.ple produces an interfsrenc• for the· p:dmaey characteristic ion, a ~~~ondary character,illltic ion should bill used • 

82 
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7.5.1.1 Usinq the internal standard calibration procedure, the amount of analyta in the sample cartridqe is calculated usinq the response factor (RF) determined in Paraqraph 7.2.5 and Equation 2. 

Amount of POHC • AsCis/AisRF 
Where: 

As • Area of the characteristic ion for the ana1yte to be measured. 
Ais • 

Cis • 

Area tor the characteristic ion of the internal standard. 
Amount (nq) of internal standard. 

(2) 

7. 5 .1. 2 The choice of methods for evaluatinq data collectfd using VOST for incinerator trial bUrna is a requlatoty decision. The procedur~s used extensively by one user are outlined below. 
7. 5 .1. 3 The total amount of tl:l.tl POHCa of interest collected on a pair of·trapil shoul4 be su:aaed. These values should then be blank corrected. Guidelines for blank correction of suple cartridqes are outl~~-4 l:!elov. -- ---------------------· 7~5.L3.T-After all blanks (fiel4 and trip) are analyzed, a paired t-test should be use4 to deteraine whether trip blanks are significantly different froa field blanks. If no 4iffarence is foun4, then the mean and stan4ard deviation of the combined fiel4 and trip blanks for each POHC of interest is calculated. 

7. 5 .1. 3. 2 If, when using the paired t-test, the field and trip blanks are determined to be different, then the fiel4 blank (or the mean of multiple field blanks) associated with a particular run should be use4 as the blank value for that particular run. 
7.5.1.4 Hext, for each sample POHC coabination, a determination must be made as to whether a particular sample is significantly different from the associated blank. If the mean of the trip and field blanks is used, than a sample is different from the blank if: 
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(~value) - (blank value) > (3 x I:Wmk ~ MviatJ.on) 
(If an individual field blank ill usuad · lUI the~ blank value, the above criteria do no apply.) If the sample is determined to be different from the blank according to the !Wove criteria, then the emi1111111ion valu«m of a particular POHC ill! blank-corrected by 1111ubtractinq th111 mean blank value from the measured sample value. 7.5.1.5 If, according to the above procedures, the sample cam.ot be distinguished from the blank (!.e. , for a given POHC there is a high sample value and high blank value or there is a low sample value and low blank value) , the measured sample value ia not blank-corrected. In this case, the mea111ured sampla value is used to calculate a 111uimum emission value (and therefore a minimum ORE value) tor that particular 

. 

~ 

run. 

7. 5 .1. 6 The observation of h!qh concentration• of POHCIII of interest in blank cartridqes ind!cate111 possible residual contamination of the sorbent cartridges prior to shipment to and use at the site. Data that fall in this category (especially data indicatint; high concentrations of POHCIII in blank 111orbent cartridqe111) should bs qualified with regard to validity, and blank data should be reported separately. The applicability of data of thitl type to the determination of DU ia a regulatory decillllion. Cont.inusd oib111ervation of high concentration• of POHCIII in blank sorbent cartridges .indicates that procedures for cleanup, 111onitorinq, shipment, and storage of sorbent cartridges by a particular user be investigated to eliainate this problem. 
7. 5 .1. 1 If any internal 111tandard recoveries fall outside the control U.llitlil •stablished in SectiOD 8.4, data for all analytes deter~Lined for ·that cartridge(s) mu111t be qualifisd with the observation. 
8. 0 OQLZU OOI!DQL 

8.1 Refar to chapter On111 procedure111 and Method procGdurelll. 

for specific quality control 3500 for ~ple preparation 

F-27 



OPERATING PRACTICE METHOD 5040 
PAGE 9 OF 10 

8. 2 Each laboratory that uses this method is required to operate a formal quality control proqram. The minimum requirements of this proqram conabt of an initial deaonstration of laboratory capability and the analysis of blank Tenax and Tenaxjcharcoal cartridqes spiked with the analytea of interest. The laboratory is required to maintain performance recorda to define the quality of data that are qenerated. Onqoinq performance checks must be compared with established ,erformance criteria to determine if results are within th~ expected precision and accuracy limits of the met."od. 
8.2.1 Before performinq any analys•a, the analyst must demonstrate the ability to qenerate acceptable precision and accuracy with this method. This ability is established aa described in Paraqraph 7.2. 8. 2. 2 The laboratory must spike all Tenax and Tenaxjcharccfal cartridqes with the internal standard(a) to monitor continuinq laboratory performance. This procedure ia described in Paraqraph 7.2. 

a. 3 To establish the ability to qenerate acceptable 

8.3.1 

8.3.2 

8.4 

8.4.1 

accuracy and precision, the analyst aust spike blank Tenax and Tenax/charcoal cartridqeL-wiJ:h the - analytea _ __j)f-int•~••t--at two-"Concene-rationa in the worltinq range. The averaqe response factor (R) and the standard deviation (S) for each aust be calculated. 
The average recovery and standard deviation auat tall within the expected range for determination of volatile POBCs using this aethod. The expected ranqe for recovery of volatile POBCs using this method ia 50-150t, 

The analyst auat calculate method performance criteria tor the internal standard(s). 
calculate upper and lower control liaits tor aethod perfomances uainq the average area response (A) and standard deviation(a) for internal standard: 
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Upper Control Limit (UCL) • A + JS. Lower Control Liai t (LCL) .. A .. 3S. 
The UCL and LCL can be used to construct control charts that are useful in observing trend1111 in performance. Thea control limit111 must bEl replaced by 11ethod performance criteria lUI they become available frolll the u.s. EPA. 
13.5 

8.6 

13.7 

9.0 

9.1 

10.0 

The l!Wontocy is required to spike all sample c-llrtridqes (Tenax and Tenu:;charcoal) with internal sundard. 

Each day, the analyst 11ust demonstrate through analysis of blank Tenax and Tenax;charcolll cartridges and reagent water that interferences from the analytical SJI'Stem are under control. 
Thill daily GC/MS perfor!lll\l.nce tests required for ~iel method are described in Method 8240. 
D'fiOD PBVOtoo.NCJ 

Refer to the determinativ• lilethodll! for perform.ance data. 

1. Protocol for collection and Analy&illl of Volatil• POHC •e Ullilinq VOST. EPA/600/8-84-007, March 1984. 
2. Validation ot the~ Vo1atillll Organic Samp:Un9 Train (VOST) Protocol. Volume~ I and II. EPA/600/4-86-014&, January 1986. 
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METHODOLOGY FOR THE DETERMINATION OF METALS EMISSIONS IN EXHAUST.?ASES 
FROM HAZARDOUS WASTE INCINERATION AND SIMILAR COMBUSTION PROCESSES 

1, Applicability and Principle 
1.1 Applicability. This method is applicable for the determination of 

total chromium (Cr), cadmium (Cd), arsenic (As), nickel (Ni), manganese (Mn), 
beryllium (Be), copper {Cu), zinc (Zn), lead (Pb), selenium (Se), phosphorus 

/ 
{P), thallium (Tl), silver (Ag), antimony (Sb), barium (Ba), and mercury (Hg) 
emissions from hazardous waste incinerators and similar combustion processes. 
This method may also be used for the determination of particulate emissions 
following the additional procedures described. Modifications to the sample 
recovery and analysis procedures described in this protocol for the purpose of 
determining particulate emissions may potentially impact_the front half mercury 
determination." 

1.2 Principle. The stack sample is withdrawn isokinetically from the 
source, with particulate emissions collected in the probe and on a heated 
filter and gaseous emissions collected in a series of chilled impingers 
containing a solution of dilute nitric acid in hydrogen peroxide in two 
impingers, and acidic potassium permanganate solution in two (or one) 
impingers. Sampling train components are recovered and digested in separate 
front and back half fractions. Materials collected in the sampling train are 
digested with acid solutions to dissolve inorganics and to remove organic 
constituents that may create analytical interferences. Acid digestion is 
performed using conventional Parr• Bomb or microwave digestion techniques. The 
nitric acid and hydrogen peroxide impinger solution, the acidic potassium 
permanganate impinger solution, and the probe rinse and digested filter 
solutions are analyzed for mercury by cold vapor atomic absorption spectroscopy 
(CVAAS). Except for the permanganate solution, the remainder of the sampling 

*Field tests to date have shown that of the total amount of mercury measured 
by the method, only 0 to <2% was measured in the front half. Therefore, it is tentatively concluded, based on the above data, that particulate emissions may be measured by this train, without significantly altering the mercury results. 

Till> ilocuh'renl IS II .l!:>fol1mtnevy !Mil. 
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train catches are analyzed for Cr, Cd, Ni, Mn, Be, Cu, Zn, Pb, Se, P, Tl, Ag, 
Sb, Ba, and As by inductively coupled argon plasma emission spectroscopy (ICAP) 
or atomic absorption spectroscopy (AAS). Graphite furnace atomic absorption 
spectroscopy (GFAAS) is used for analysis 
selenium, and thallium, if these elements 
sensitivity than can be obtained by !CAP. 

of antimony, arsenic, cadmium, lead, 

require greater analytical 

Additionally, if desired, the tester 
may use AAS for analyses of all metals if the resulting in-stack method 
detection limits meet the goal of the testing program. For convenience, 
aliquots of each digested sample fraction can be combined proportionally for a 
single analytical determination. The efficiency of the analytical procedure is 
quantified by the analysis of spiked quality control samples containing each of 
the target metals including actual sample matrix effects checks. 

2. Range, Sensitivity, Precision, and Interferences 
2.1 Range. For the analyses described in this methodology and for similar 

analyses, the !CAP response is linear over several orders . of magnitude. Sam
ples containing metal concentrations in the nanograms per milliliter (ng/ml) to 
micrograms per milliliter (ug/ml) range in the analytical finish solution can 
be analyzed using this technique. Samples containing greater than 
approximately 50 ug/ml of chromium, lead, or arsenic should be diluted to that 
level ol'lower .!_or fill~_analy~-~ ~-- S~_P_l~~()ntaining greater. th9ll 
approximately 20 ug/ml of cadmium should be diluted to that level before 
analysis. 

2.2 Analytical Sensitivity. !CAP analytical detection limits for the 
sample solutions (based on SW-846, Method 6010) are approximately as follows: 
Sb (32 ng/ml), As (53 ng/ml}, Ba (2 ng/ml), Be (0.3 ng/ml), Cd (4 ng/ml), Cr (7 
ng/ml}, Cu (6 ng/ml}, Pb (42 ng/ml}, Mn (2 ng/ml), Ni (15 ng/ml}, P (75 ng/ml}, 
Se (75 ng/ml), Ag (7 ng/ml}, Ti (40 ng/ml), and Zn (2 ng/ml). The actual 
method detection limits are sample dependent and may vary as the sample matrix 
may affect the limits. The analytical detection limits for analysis by direct 
aspiration AAS (based on SW-846, Method 7000) are approximately as follows: Sb 
(200 ng/ml), As (2 ng/ml}, Ba (100 ng/ml), Be (5 ng/ml), Cd (5 ng/ml), Cr (50 
ng/ml}, Cu (20 ng/ml}, Pb (100 ng/ml}, Mn (10 ng/ml), Ni (40 ng/ml}, Se (2 
ng/ml), Ag (10 ng/ml), Tl (100 ng/ml), and Zn (5 ng/ml). The detection limit 
for mercury by CVAAS is approximately 0.2 ng/ml. The use of GFAAS can give 
added sensitivity compared to the use of direct aspiration AAS for the 

l'?lu doct~r~r•...i It • prenlllunuy Clnott 
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·. 
following metals: Sb (3 ng/ml), As (1 ng/ml), Be (0.2 ng/ml), Cd (0.1 ng/ml), 

Cr (1 ng/ml), Pb {1 ng/ml), Se (2 ng/ml), and Tl (1 ng/ml). 

Using (1) the procedures described in this method, (2) the analytical 

detection limits described in the previous paragraph, (3) a volume ot.300 ml 

for the front half and 150 ml for the back half samples, and (I!) 11 stack gas 

sample volume of 1.25 ml, the corresponding in-stack method detection limits 

c'.':._~~ liN presented in Table A-1 and calculated as shown: 

JlxB,.D 
c 

where: A = analytical detection limit, ug/ml. 
13 = volume of sample prior to aliquot for analysis, ml. 
C =stack sample volume, dscm (dsm3), 
I)= in-stack detection limit, ugjm3, 

Values in Table A-1 are calculated for the front and back half and/or the total 

train. 
To ensure optimum sensitivity in obtaining the measurements, the 

concentrations of target metals in the solutions are suggested to be at least 

ten times the analytical detection limits. Under certain conditions, and with 

greater care in the analytical procedure, this concentration can be as low as 

approximately three times the Bnalytical detection limit. In all cases, 

repetitive analyses, 1111ethod of standard additions (MSA), serial dilution, or 

matrix spike addition should be used to est11blish the quality of the data. 

Actual in-stack method detection limits will be determined based on actual 

source sampling parameters and analytical results as described above. If 

required, the method in-stack detection limits can be made more sensitive ·than 

those shown in Table A-1 for a specific test by using one or more of the 

following options: 

o A normal 1-hour sampling run collects a stack gas sampling volume of 

about 1. 25 m3. If the sampling time is increased and 5 a3 are 

collected, the in-stack method detection limits would be one fourth of 

the values shown in Table A-1 (this means that with this change, the 

method is four times more sensitive than normal). 

o The in-stack detection limits assume that all of the sample is digested 

(with exception of the aliquot for mercury) and the final liquid 

volumes for analysis are 300 ml for the front half and 150 ml for the 
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TABLE A-1. IN-STACK METHOD DETECTION LIMITS (ug/m3) 
FOR TRAIN FRACTIONS USING ICAP AND AAS 

Front Half Back Half 
Fraction 1 Fraction~ 

Metal Probe and Filter Impingers 1-3 

Antimony 1·1 (0. 7)• 3.8 (0.4)• 
Arsenic 12.7 (0.3)• 6.4 (0.1}* 
Bariua 0.5 0.3 
Beryllium 0.07 (0.05}* 0.04 (0.03}* 
CadmiUII 1.0 (0.02)• 0.5 (0.01}* 
Chromium 1.7 (0.2)• 0.8 (0.1)• 
Copper 1.4 0.7 
Lead 10.1 (0.2)• 5.0 (0.1)* 
Manganese 0.5 (0.2}* 0.2 (0.1}* 
Mercury 0.05** 0.03·· 
Nickel 3.6 1.8 
Phosphorus 18 9 
Selenium 18 (0.5)• 9 (0.3)• 
Silver 1.7 0.9 
Thallium 9.6 (0.2}* 4.8 (0.1}* 
Zinc 0.5 0.3 

Detection limit when analyzed by GFAAS. 
Detection limit when analyzed by CVAAS. 

Back Half2 
Fraction 3 Total Train 

Impingers 4-5 

11.5 (1.1)• 
19.1 (0.4)• 
0.8 
0.11 (0.08}* 
1.5 (0.03}* 
2.5 (0.3)• 
2.1 

15.1 (0.3)* 
0.7 (0.3)* 

0.03** 0.11·· 
5.4 

27 
27 (0.8)• 
2.6 

14.4 (0.3}* 
0.8 

Actual method in-stack detection limits will be determined based 
on actual source sampling parameters and analytical results as described earlier in this section • 

. back .half'- sample •. .. u· -the front--hal1'-volume·-i~-reduced-froa-~OO ·ail: tO 
30 ml, the front half in-stack detection limits would be one tenth of 
the values shown above (ten times more sensitive}. It the back half 
volume is reduced from 150 ml to 25 ml, the in-stack detection limits 
would be one sixth or the above values. Matrix effects checks are 
necessary on analyses of samples and typically are of greater signifi
cance for samples that have been concentrated to less than the normal 
sample volume. A volume less than 25 ml may not allow resolubiliza
tion of the residue and may increase interference by other compounds. 

o When both of the above two improvements are used on one sample at the 
same time, the resultant improvements are multiplicative. For example, 
where stack gas volume is increased by a factor of five and the total 
liquid sample digested volume of both the front and back halves is 
reduced by factor of six, the in-stack method detection limit is 
reduced by a factor of thirty (the method is thirty times more 
sensitive}. 
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o Conversely, reducing stack gas sample volume and increasing sample 
liquid volume will increase limite. The front hal!' end back half1 

samples (Fractions 1 and 2) can be combined prior to analysis. The 
resultant liquid volume (excluding Fraction 3, which must be"analyzed 
separately) is recorded. Combining the sample as described does not 
allow determination (whether front or back hal!') of where in the train 
the sample was captured. The in-stack method detection limit then 
becomes a single value for all metals except mercury, for which the 
contribution of Fraction 3 must be considered. 

0 The above discussion assumes no blank correction. Blank corrections 
are discussed later in this method. 

2.3 Precision. The precisions (relative standard deviation) for each 
metal detected in a method development test at a sewage sludge incinerator, are 
as follows: Sb (12.7%), As (13.5%), Ba (20.6%), Cd (11.5%), Cr (11.2%), Cu 
(11.5%), Pb (11.6%), P (14.6%), Se (15.3%), Tl (12.3%), and Zn (11.8%). The 
precision for nickel was 7.7% !'or another test conducted-~t a source simulator. 
Beryllium, manganese and silver were not detected in the tests; however, based 
on the analytical sensitivity or the ICAP for these metals, it is assumed that 
their precisions should be similar to those for the other metals, when detected 
at similar levels. 

2.4 Interferences. Iron can be a spectral interference during the 
analysis or arsenic, chromiWII, and csdmiUl!l by ICAP. AlWIIinum can be a spectral 
interference during the analysis of arsenic and lead by !CAP. Generally, these 
interferences can be reduced by diluting the sample, but th:l.s increases the 
method detection limit. Refer to EPA Method 6o10 (SW-846) for details on 
potential interferences for this method. For ell GFAAS analyses, matrix 
modifiers should be used to limit interferences, and standards should be matrix 
matched. 

3. Apparatus 

3.1 Sampling Train. A schematic or the sampling train is shown in Figure 
A-1. It is similar to the Method 5 train. The sampling train consists of the 
following components. 

3.1.1 Probe Nozzle (Probe Tip) and Borosilicate or Quartz Glass Probe 
Liner. Same as Method 5, Sections 2.1.1 and 2.1.2. Glass nozzles are required 

unless an alternate probe tip prevents the possibility of contamination or 
5 
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interference of the sample with its materials of construction. If a probe tip 
other than glass is used, no correction of the stack sample test results can be 
~tade because of the effect on the results by the probe tip. 

3.1.2 Pitot Tube end Differential Pressure Gauge. Same as MethOd 2, 
Sections 2.1 and 2.2, respectively. 

3.1.3 Filter Holder. Glass, same as Method 5, Section 2.1.5, except that 
a Teflon filter support must be used to replace the glass frit. 

3.1.4 Filter Heating System. Same as Method 5, Section 2.1.6. 
3.1.5 Condenser. The following system shall be used for the condensation 

end collection of gaseous metals end for determining the moisture content of 
the stack gas. The condensing system should consist of four to six impingers 
connected in series with leak-free ground glass fittings or other leak-free, 
non-contaminating fittings. The first illlpinger is optional end is recommended 
as a water knockout trap for use during test'conditions which require such a 
trap. The impingers to be used in the metals train are now described. When 
the f'irst impinger is used as a water knockout, it shall: be appropriately-sized 
for an expected large moisture catch end constructed generally as described for 
the f'irst impinger in Method 5, Paragraph 2.1.7. The second impinger (or the 
first HN03 /H,02 impinger) shall also be as described for the first impinger in 
Method 5. The third impinger (or the impinger used as the second HN0

3
/H,02 

illlpinger) shall be the same as the Greenburg Smith impinger with the standard 
tip described as the second impinger in Method 5, Paragraph 2.1. 7. All other 
impingers used in the metals train are the same as the second impinger (the 
first· HN03 /H,02 impinger) previously described in this paragraph. In summary, 
the f'irst impinger should be empty, the second and third shall contain known 
quantities of s nitric acid/hydrogen peroxide solution (Section 4.2.1), the 
fourth (end fifth, if required) shall contain a known QUantity of acidic 
potassiwn permanganate solution (Section 4.2.2), and the last impinger shall 
contain a known quantity of silica gel or equivalent desiccant. A thermometer 
capable of measuring to within 1•c (2°F) shall be placed at the outlet of the 
last impinger. When the water knockout impinger is not needed, it is removed 
from the train and the other impingers remain the same. If mercury Malysis is 
not needed, the potassium permanganate impingers are removed. 

3.1.6 Metering System, Barometer, and Gas Density Determination 
Equipment. Same as Method 5, Sections 2.1.8 through 2.1.10, respectively. 

i"PPIe ollocurll'onl b II jlfeMif!lllllf'JI ~ 
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3 .1. 7 Teflon Tape. For capping openinga and sealing connections on the 
sa.c:pling train. 

3.2 Sample Recovery. Same as Method 5, Sections 2.2.1 through 2.2.8 
(Nonmetallic Probe-Liner and Probe-Nozzle Brushes, Wash Bottles, Sample 
Storage Containers, Petri Dishes, Glass Graduated Cylinder, Plastic Storage 
Containers, Funnel and Rubber Policeman, and Glass Funnel), respectively, with 
the following exceptions and additions: 

3.2.1 Nonmetallic Probe-Liner and Probe-Nozzle Brushes. For quantitative 
recovery of materials collected in the front half of the sampling train. 
Description of acceptable all-Teflon component brushes to be included in EPA's 
Emission Meas"urement Technical Information Center (EMTIC) files. 

3.2.2 Sample Storage Containers. Glass bottles with Teflon-lined caps, 
1000- and 500-ml, shall be used for KMnO.-containing samples and blanks. 
Polyethylene bottles may be used for other sample types. 

3.2.3 Graduated Cylinder. Glass or equivalent. 
3.2.4 Funnel. Glass or equivalent. 
3.2.5 Labels. For identification of samples. 
3.2.6 Polypropylene Tweezers and/or Plastic Gloves. For recovery of the 

filter from the sampling train filter holder• 
3.3 Sample Preparation and Analysis. For the analysis, the following 

equipment is needed: 
-- --- ----- - --"-- ""- --
3.3.1 Volumetric Flasks, 100 111, 250 111, and 1000 al. For preparation of 

standards and sample dilution. 
3.3.2 Graduated Cylinders. For preparation of reagents. 
3.3.3 Parr" Bombs or Microwave Pressure Relief Vessels with Capping 

Station (CEM Corporation model or equivalent). 
3.3.4 Beakers and Watchglasses. 250 ml beakers for sample digestion with 

watchglasses to cover the tops. 
3.3.5 Ring Stands and Clamps. For securing equipment such as filtration 

apparatus. 
3.3.6 Filter Funnels. For holding filter paper. 
3.3.7 Whatman 541 Filter Paper (or equivalent). For filtration of 

digested samples. 
3.3.8 Disposable Pasteur Pipets and Bulbs. 
3.3.9 Volumetric Pipets. 
3.3.10 Analytical Balance. Accurate to within 0.1 mg. 

8 

F-38 

· "' _,umorll • • .prallmtncry 11!'11\ 
• nas 1101 ~n farm1 lly releuect bt £PJ. 
""' ~hould not at thla 1tap De conotruer. 
., rewes!Wll Ai•nll!' policy. It 11 oeln& 
.-.;,rcul,tl!d tor comment on Its tech11fe8' 
-..s.-acy Ina ,...nq lmpll""tlona. 



3.3.11 Microwave or Conventional Oven. For heating samples at fixed 
po .. ·er levels or temperatures. 

3.3.12 Hot Plates. 
3.3.13 Atomic Absorption Spectrometer (AAS). Equipped with a oackground 

corrector, 
3.3.13.1 Graphite Furnace Attachment. With antimony, arsenic, cadmium, 

lead, selenium, thallium, and hollow cathode lamps (HCLs) or electrodeless 
discharge lamps (EDLs). Same as EPA Methods 7041 (ll.!ltilllony}, 706o (arsenic), 
7131 (cadmium), 7421 (lead), 7740 (selenium), and 7841 (thallium). 

3.3.13.2 Cold Vapor Mercury Attachment. With 111 mercury HCL or EDL. The 
equipment needed for the cold vapor mercury attachment includes an air 
recirculation pump, a quartz cell, an aer111tor lllpparllltUS, and a heat lamp or 
desiccator tube. The heat lamp should be capable of raising the ambient 
temperature at the quartz cell by 1o•c such that no condensation forms on the 
wa11 of the quartz cell. Same as EPA Method 7470. 

3.3.14 Inductively Coupled Argon Plasma Spectrometer. With either a 
direct or sequential reader and an alumina torch. Same as EPA Method 6o10. 

4. Reagents 

Unless otherwise indicated, it is intended that all reagents conform to 
the specifications established by the Committee on Analytical Reagents of the 
American Chemical Society, where such specifications are available; otherwise, 
use the best available grade. 

4.1 Sampling. The reagents used in sampling are 11111 follows: 
4.1.1 Filters. ·The filters shall contain less than 1.3 ug/in. 2 of each of 

the metals to be measured. Analytical resul ta provided by filter manufacturers 
are acceptable. However, if no such results are available, filter blanks must 
be ~~nalyzed for each target metal prior to emission testing. Quartz fiber or 
glass fiber filters without organic binders shall be used. The filters should 
exhibit at least 99.95 percent efficiency (<0.05 percent penetration) on 0.3 
micron dioctyl phthalate smoke particles. The filter efficiency test shall be 
conducted in accordance with ASTM Standard Method D2986-71 (incorporated by 
reference). For particulate determination in sources containing S02 or so3 , 

the filter material must be of a type that is unreactive to S02 or S03 , as 
described in EPA Method 5. Quartz fiber filters meeting these requirements are 
recommended. 
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4.1~2 Water. To conform to ASTM Specification D1193.77. Type II (incorporated by reference). Analyze the water for all target metals prior to field use. All target metals should be less than 1 ng/111. 
4.1.3 Nitric Acid. Concentrated. Baker Instra-analyzed or equivalent. 4.1.4 Hydrochloric Acid. Concentrated. Baker Instra-analyzed or equivalent. 
4.1.5 Hydrogen Peroxide, 30 Percent (V/V), 
4.1.6 

4.1. 7 
Potassium Permanganate. 
Sulfuric Acid. Concentrated. 

l'?tb wcti!Ant Ia • ~trtnmtna., .,..tt 
• ~ not toeM fwmally released to1 £,.~ 4:>C &hould no1 •I thla SIAI,S& De eonstrui!O 

':D '""'&HOI A&•n8t policy, It '• Deirls .::rcur•ted tor comment en IU tech'li~ 1110eur.ey ana p.i~Cy,lmpii<:~U~r.a. 4.1.8 Silica Gel and Crushed Ice. 
3.1.4, respectively. 

Same as Method 5, Sections 3.1.2 and 

4.2 Pretest Preparation for Sampling Reagents. 
4.2.1 Nitric Acid (HN03 )/Hydrogen Peroxide (~02 ) Absorbing Solution, 5 Percent HN03/10 Percent ~02 • Add 50 ml of concentrated HN03 and 333 ml of 30 percent ~02 to a 1000-ml volumetric flask or graduated cylinder containing approximately 500 ml of water. Dilute to volume with water. The reagent shall contain less than 2 ng/ml of each target metal. 
4.2.2 Acidic Potassium Permanganate (KMnO•) Absorbing Solution, 4 Percent ICMnO• (W/V). Prepare fresh daily. DiSl!IC>lve 40 g of ICMn04 in sufficient 10 percent ~S04 to make 1 liter. Prepare and store 1.n glass bottles to prevent degradation. The reagent shall contai.n less than 2 ng/111 of Hg. 

·-·-" .. -·-·--"·-" -----------Precaution: To preventautocatafyticdecomPasfti.;~ of the permanganate solution, filter the solution through Whatman 541 filter paper. Also, due to reaction of the potassium permanganate with the acid, there may be pressure buildup in the sample storage bottle; these bottles should not be fully filled and should be vented both to relieve excess pressure and prevent explosion due to pressure buildup. Venting is highly recommended, but should not allow contamination of the sample: a No. 70-72 hole drilled in the container cap and Teflon liner has been used. 
4.2.3 Nitric Acid, 0.1 N. Add 6.3 Ill or.concentrated HN03 (70 percent) to a graduated cylinder containing approximately 900 ml of water. Dilute to 1000 ml with water. Mix well. The reagent shall contai.n less than 2 ng/ml of each target metal. 
4.2.4 Hydrochloric Acid (HCl), 8 H. Add 690 m1 of concentrated HCl to a graduated cylinder containing 250 ml or water. Dilute to 1000 ml with water. Mix well. The reagent shall contain less than 2 ng/ml or Hg. 
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4.3 .Glass~are Cleaning Reagents. 
4.3.1 Nitric Acid, Concentrated. Fisher ACS grade or equivalent. 
4.3.2 Water. To conform to AS'm Specif'ications D1193-77, Type II. 
4.3.3 Nitric Acid, 10 Percent (V/V). Add 500 ml of concentratea HN03 to a 

graduated cylinder containing approximately 4000 ml of water. Dilute to 5000 
ml with water. 

4.4 Semple Digestion end Analysis Reagents. 
4.4.1 Hydrochloric Acid, Concentrated. 
4.4.2 Hydrofluoric Acid, Concentrated. 
4.4.3 Nitric Acid, Concentrated. Baker Instra-analyzed or equivalent. 
4.4.4 Nitric Acid, 10 Percent (V/V). Add 100 ml of concentrated HN03 to 

800 al of water. Dilute to 1000 ml with water. Mix well. Reagent shall 
contain less than 2 ng/ml of each target metal. · 

4.4.5 Nitric Acid, 5 Percent (V/V). Add 50 ml of concentrated HN03 to 
8oo ml of water. Dilute to 1000 ml with water. Reagent shall contain less 
than 2 ng/ml of each target metal. 

4.4.6 Water. To conform to ASTM Specifications 1)1193-77, Type II. 
4.4.7 Hydroxylamine Hydrochloride and Sodium Chloride Solution. See EPA 

Method 7470 for preparation. 
4.4.8 Stannous Chloride. 
4.4 .9 Potassium Permanganate, 5 Percent (W/V). 
4.4.10 Sulfuric Acid, Concentrated. 
4.4.11 Nitric Acid, 50 Percent (V/V). 
4.4.12 Potassium Persu1fate, 5 Percent (W/V). 
4.4.13 Nickel Nitrate, Ni(N03 ) 2 • 6HaO. 
4.4.14 Lanthanum Oxide, ~03 • 

4.4.15 AAS Grade Hg Standard, 1000 ug/ml. 
4.4.16 AAS Grade Pb Standard, 1000 ug/ml. 
4.4.17 AAS Grade As Standard, 1000 ug/ml. 
4 .4.18 AAS Grade Cd Standard, 1000 ug/ml. 
4.4.19 AAS Grade Cr Standard, 1000 ug/ml. 
4.4.20 AAS Grade Sb Standard, 1000 ug/ml. 
4.4.21 AAS Grade Ba Standard, 1000 ug/ml. 
4.4 .22 AAS Grade Be Standard, 1000 ug/ml. 
4.4.23 AAS Grade Cu Standard, 1000 ug/ml. 
4.4.24 AAS Grade Mn Standard, 1000 ug/ml. 
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~.4.25 AAS Orade Ni Standard, 1000 ug/ml. 

~.4.26 AAS Orade P Standard, 1000 ug/ml. 

4.4.27 AAS Orade Se Standard, 1000 ug/ml. 

4.4.28 ·AAS Orade Ag Standard, 1000 ug/ml. 

4.4.29 AAS Orade Tl Standard, 1000 ug/ml, 

4.4.30 AAS Orade Zn Standard, 1000 ug/ml. 

4.4.31 AAS Orade Al Standard, 1000 ug/ml. 

4.4.32 AAS Orade Fe Standard, 1000 ug/ml. 
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4.4.33 The metals standards may also be made from solid chemicals as 

described in EPA Method 200.1. EPA Method 7470 or Standard Methods for the 

Analysis of Water and Wastewater. 15th Edition, Method 303F should be referred 

to for additional information on mercury standards. 

4. 4. 34 Mercury Standards and Quality Control Samples. Prepare fresh 

weekly a 10 ug/ml intermediate mercury standard by adding 5 ml of 1000 ug/ml 

mercury stock solution to a 500 ml volumetric flask; dilute to 500 ml by first 

adding 20 ml of 15 percent HN03 and then adding water. Prepare a working 

sercury standard solution fresh daily: add 5 ml of the 10 ug/ml intermediate 

standard to a 250 ml volumetric flask and dilute to 250 ml with 5 ml of 

4 percent KMnO•, 5 ml of 15 percent HN03 , and then water. At least six 

separate aliquot& of the working mercury standard solution should be used to 

prepare the stiiilaB:ra- curve, The-se- aH-quots-should-contain Jl.O, _1._0,_2~0, 3. 0, 

4.0, and 5.0 ml of the working standard solution. Quality control samples 

should be prepared by making a separate 10 ug/ml standard and diluting until in 

the range of the calibration. 

4.4.35 ICAP Standards and Quality Control Samples. Calibration standards 

for !CAP analysis can be combined into four different mixed standard solutions 

as shown below. 

MIXED STANDARD SOLUTIONS FOR !CAP ANALYSIS 

Solution Elements 

I As, Be, Cd, Mn, Pb, Se, Zn 

II Ba, Cu, Fe 
III Al, Cr, Ni 

IV Ag, P, Sb, Tl 

Prepare these standards by combining and diluting the appropriate volumes of 

the 1000 ug/ml solutions with 5 percent nitric acid. A minimum of one stan

dard and a blank can be used to form each calibration curve. However, a 
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separate quality control sample spiked with kno~ amounts of the target metals 
in quantities in the midrange of the calibrati.on curve should be prepared. 
Suggested standard levels are 50 ug/ml for Al, 25 ug/ml for Cr and Pb, 15 ug/ml 
for Fe, and 10 ug/ml for the remaining elements. Standards containing less 
than 1 ug/ml of metal should be prepared daily. Standards containing greater 
than 1 ug/ml of metal should be stable for a minimum of 1 to 2 weeks. 

4.4.36 Graphite Furnace AAS Standards for Antimony, Arsenic, Cadmium, 
Lead, Selenium, and Thallium. Prepare 11 10 ug/ml standard by adding 1 ml of 
1000 ug/ml standard to a 100 ml volumetric flask. Dilute to 100 ml with 10 
percent nitric acid. For graphite furnace AAS, the standards must be matrix 
matched; e.g., if the samples contain 6 percent nitric acid and 4 percent 
hydrofluoric acid, the standards should also be made up with 6 percent nitric 
acid and 4 percent hydrofluoric acid. Prepare 111 100 ng/ml standard by adding 
1 ml of the 10 ug/ml standard to a 100 ml volumetric flask end dilute to 100 ml 
with the appropriate matrix solution. Other standards should be prepared by 
dilution of the 100 ng/ml standards. At least five stan~ards should be used to 
make up the standard curve. Suggested levels are 0, 10, 50, 75. and 100 ng/ml. 
Quality control samples should be prepared by making a separate 10 ug/ml 
standard and diluting until it is in the range of the samples. Standards 
containing less than 1 ug/ml of metal should be prepared daily. Standards 
containing greater than 1 ug/ml of metal should be stable for a minimum of 1 to 
2 weeks. 

~.4.37 Matrix Modifiers. 

~.4.37.1 Nickel Nitrate, 1 Percent {V/V). Dissolve 4.956 g of 
Ni(N03 ) 2 ·6HaO in approximately 50 ml of water in a 100 ml volumetric flask. 
Dilute to 100 ml with water. 

4.4.37.2 Nickel Nitrate, One-tenth Percent (V/V). Dilute 10 ml of 1 per
cent nickel nitrate solution to 100 ml with water. Inject an equal amount of' 
sample and this modifier into the graphite furnace during AAS analysis for As. 

4.4.37.3 Lanthanum. Dissolve 0.5864 g of Lf!:!03 in 10 101 of concentrated 
HN03 and dilute to 100 ml with water. Inject an equal amount of sample and 
this modifier into the graphite furnace during AAS analysis for Pb. 

5. Procedure 

5.1 Sampling. The complexity of this method is such that, to obtain reli
able results, testers should be trained and experienced with the test procedures. 
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5.1.1 Pretest Preparation. 
Method 5, Section 4.1.1, except 
determined, the filter need not 

Follow the same general procedure given in 
that, unless particulate emissions are to.be 
be desiccated or weighed. All sampling train 

glassware should first be rinsed with hot tap water and then washed'in hot 
soapy water. Next, glassware should be rinsed three times with tap water, 
followed by three additional rinses with water. All glassware should then be 
soaked in a 10 percent (V/V) nitric acid solution for a •inimum of 4 hours, 
rinsed three times with water, rinsed a final time with acetone, and allowed 
to air dry. All glassware openings where contamination can occur should be 
covered until the sampling train is assembled, prior to sampling. 

5.1.2 Preliminary Determinations. Same as Method 5, Section 4.1.2. 
5.1.3 Preparation of Sampling Train. Follow the same general procedures 

given in Method-5, Section 4.1.3, except place 100 ml of the nitric 
acid/hydrogen peroxide solution (Section 4.2.1) in the two HN03 /~02 impingers 
(normally the second and third impingers), place 100 m1 of the acidic potassium 
permanganate solution (Section 4.2.2) in the fourth and fifth impinger, and 
transfer approximately 200 to 300 g of preweighed silica gel from its container 
to the lest impinger. Alternatively, the silica gel may be weighed directly in 
the impinger jl!.sJ p_rior to train assembly. 

Several options are available to the tester based on the sampling 
conditions. The use of an empty first impinger can be eli•inated if the 
moisture-to 'lie. collected--:in the im.Pi~g;J:;.t.;-~~~~; t~d-~;--dete~i~~-to be 
less than 150 ml. The tester shall include tva impingers containing the 
acidic potassium permanganate solution for the first test run, unless past 
testing experience at. the same or similar sources has shown that only one. is 
necessary. The last permanganate impinger may be discarded if both 
permanganate impingers have retained their original deep purple permanganate 
color. A maximum of 200 ml in each permanganate impinger (and a maximum of 
three permanganate impingers) may be used, if necessary, to maintain the 
desired color in the lest permanganate impinger. 

Retain for reagent blanks, 100 ml of the nitric acid/hydrogen peroxide 
solution and 100 ml of the acidic_ potassium permanganate solution. These 
solutions should be labeled and treated as described in Section 7. Set up the 
sampling train as shown in Figure A-1. If necessary to ensure leak-free 
sampling train connections, Teflon tape should be used instead of silicone 
grease to prevent contamination. 
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Precaution: Extreme care should be taken to prevent coote.mination within 
the train. Prevent the mercury collection reagent (acidic potassium 
permanganate) from contacting any glassware of the train which is washed end 
analyzed for Mn. Prevent hydrogen peroxide from mixing with the aciiUc 
potassium permanganate. 

5.1.4 Leak-Check Procedures. Follow the leak-check procedures given in 
Method 5, Section 4.1.4.1 (Pretest Leak-Check), Section 4.1.4.2 (Leak-Checks 
During the Sample Run), end Section 4.1.4.3 (Post-Test Leak-checks). 

5.1.5 Sampling Train Operation. 
Section 4.1.5. For each run, record 

Follow the procedures given in Method 5, 
the data required on 11 data sheet such as 

the one shown in Figure 5-2 of Method 5· 
5.1.6 Calculation of Percent Isokinetic. Same as Method 5, Section 4.1.6. 
5.2 Sample Recovery. Begin cleanup procedures as soon as the probe is 

removed from the stack at the end of a sampling period. 
The probe should be allowed to cool prior to sample recovery. When it can 

be safely handled, wipe off all external particulate matter near the tip of 
the probe nozzle and place a rinsed, non-contaminating cap over the probe 
nozzle to prevent losing or gaining particulate matter. Do not cap the probe 
tip tightly while the sampling train is cooling. This normally causes a vacuum 
to Corm in the filter holder, thus causing the undesired result of drawing 
liquid from the impingers into the filter. 

Before moving the sampling train to the cleanup site, l!UIOVe the probe fro111 
the sampling 'train and cap the open outlet. Be careful not to lose any 
condensate that might be present. Cap the filter inlet where the probe was 
fastened. Remove the. umbilical cord fro~~~ the last :l.mpinger end cap the 
impinger. Cap off the filter holder outlet and impinger inlet. Use non
contaminating caps, whether ground-glass stoppers, plastic caps, serum caps, 
or Teflon tape to close these openings. 

Alternatively, the trsin can be disassembled before the probe and filter 
holder/oven are completely cooled, if this procedure is followed: Initially 
disconnect the filter holder outlet/impinger inlet and loosely cap the open 
ends. Then disconnect the probe from the filter holder or cyclone inlet and 
loosely cap the open ends. Cap the probe tip and remove the umbilical cord as 
previously described. 

Transfer the probe and filter-impinger assembly to a cleanup area that is 
clean and protected from the wind and other potential causes of contamination 
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or loss of sample. Inspect the train before and during disassembly and note 
any abnormal conditions. 
schematic in Figure A-2). 

The s_ample is recovered and treated as follows (see 
Assure that all items necessary for recovery of the 

sample do not contaminate it. 
5.2.1 Container No. 1 (Filter). Carefully remove the filter from the 

filter holder and place it in its identified petri dish container. Acid
washed polypropylene or Teflon coated tweezers or clean, disposable surgical 
gloves rinsed with water should be used to handle the filters. If it is 
necessary to fold the filter, make certain the particulate cake is inside the 
fold. Carefully transfer the filter and any particulate matter or filter 
fibers that adhere to the filter holder gasket to the petri dish.by using a dry 
(acid-cleaned) nylon bristle brush. Do not use any metal-containing materials 
when recovering this train. Seal the labeled petri dish. 

5.2.2 Container No. 2 (Acetone Rinse). Taking care to see that dust on 
the outside of the probe or other exterior surfaces does not get into the 
sample, quantitatively recover particulate matter and any condensate from the 
probe nozzle, probe fitting, probe liner, and front half of the filter holder 
by washing these components with 100 ml of acetone and J>lacing the wa.gh in a 
glass container. Note: The use of exactly 100 ml is necessary for the 
subsequent blank correction procedures. Distilled water may be used instead of 
ec.etane-when · approved by the .-.dministrator· ·and-sh!il.T·l:ie--lisea--wlien specified- by 

--·--·----~~ 

the Administrator; in these cases, save a water blank and follow the 
Administrator's directions on analysis, Perform the acetone rinses as follows: 
Carefully remove the probe nozzle and clean the inside surface by rinsing with 
acetone from 8 wash bottle and brushing with 8 nonmetallic brush. Brush until 
the acetone rinse shows no visible particles, after which make a final rinse of 
the inside surface with acetone, 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a 
similar way until no visible particles remain. 

Rinse the probe liner with acetone by tilting and rotating the probe while 
squirting acetone into its upper end so that_all inside surfaces will be wetted 
with acetone. Allow the acetone to drain from the lower end into the sample 
container. A funnel may be used to aid in transferring liquid washings to the 
container. Follow the acetone rinse with a nonmetallic probe brush. Hold the 
probe in an inclined position, squirt acetone into the upper end as the probe 
brush is being pushed with a twisting action through the probe; hold a sample 
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container underneath the lower end of the probe, and catch any acetone and 
particulate matter which is brushed through the probe three times or more until 
no visible particulate matter is carried out with the acetone or until none 
remains in the probe liner on visual inspection. Rinse the brush with acetone. 
and quantitatively collect these washings in the sample container. After the 
brushing, make a final acetone rinse of the probe as described above. 

It is recommended that two people clean the probe to minimize sample 
losses. Between sampling runs, keep brushes clean and protected fro• 
contamination. 

Clean the inside of the front half of the filter holder by rubbing the 
surfaces with a nonmetallic nylon bristle brush and rinsing with acetone. 
Rinse each surface three times or more if needed to remove visible particulate. 
Make a final rinse of the brush and filter holder. After all acetone washings 
and particulate matter have been collected in the sample container, tighten the 
lid on the sample container so that acetone will not leak out when it is 
shipped to the laboratory. Mark the height of the fluid-level to determine 
whether or not leakage occurred during transport. Label the container clearly 
to identify its contents. 

5.2.3 Contll.iner No. 3 (Probe Rinse). Rinse the probe liner, probe nozzle, 
and front half of the filter holder thoroughly with 100 al of 0.1 N nitric acid 
end place the wash into-a sample-s-torage-container.----Note:~e--use--of--exactly-
100 ml is necessary for the subsequent blank correction procedures. Perform 
the rinses as described in Method 12, Section 5.2.2. Record the volume of the 
combined rinse. Mark the height of the fluid level on the outside of the 
storage container and use this ~k to determine if leakage occurs during 
transport. Seal the container and clearly label the contents. Finally, rinse 
the nozzle, probe liner, and front half of the filter holder with water 
followed by acetone and discard these rinses. 

5.2.4 Container No. 4 (Impingers 1 through 3, Contents and Rinses). Due 
to the large quantity of liquid involved, the tester may place the impinger 
solutions in more than one container. Measure the liquid in the first three 
impingers volumetrically to within 0.5 ml using a graduated cylinder. Record 
the volume of liquid present. This information is required to calculate the 
moisture content of the sampled flue gas. Clean each of the first three 
impingers, the filter support, the back half of the filter housing, and 
connecting glassware by thoroughly rinsing with 100 ml of 0.1 N nitric acid as 
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described in Method 12, Section 5.2.4. Note: The use of exactly 100 ml of 0.1 
N nitric acid rinse is necessary for the subsequent blank correction 
procedures. Combine the rinses and impinger solutions, measure and record the 
volume. Calculate the 0.1 N nitric acid rinse volume by difference:. Mark the 
height of the fluid level on the outside of the container to determine if 
leakage occurs during transport. Seal the container and clearly label the 
contents. 

5.2.5 Container No. 5 {Acidified Potassium Permanganete Solution end 
Rinses, Impingers No. 4 & 5). Pour all the liquid from the permanganate 
imp:ingers (fourth and fifth, if two permanganete impingers are used) into a 
graduated cylinder and measure the volume to within 0.5 ml. This information 
is required to calculate the moisture content of the sampled flue gas. Using 
100 ml total of the acidified potassium permanganste solution, rinse the 
peMnanganate impinger(s) and connecting glass pieces a minimum of three times. 
Combine the rinses with the permanganate impinger solution. Finally, rinse the 
per:anganate impinger(s) and connecting glassware with 50 ml of 8 N HCl to 
remove any residue. Note: The use of exactly 100 ml and 50 ml for the two 
rinses is necessary for the subsequent blank correction procedures. Place the 
combined rinses and impinger contents in a labeled glass storage bottle. Mark 
the height of the fluid level on the outside of the bottle to determine if 
leakage occurs during transport. See the following note and the Precaution in 
Paragraph 4.2.2 end properly seal the bottle and clearly label the contents. I· Note: Due to the potential reaction of the potassium permenganate with the 
acid, there may be pressure buildup in the sample storage bottles. These 
bottles should not be filled full end should be vented to relieve excess·. 
pressure. Venting is highly recommended. A No. 70-72 hole drilled in the 
container cap and Teflon liner has been found to allow adequate venting without 
loss of sample. 

5.2.6 Container No. 6 (Silica Gel}. Note the color of the indicating 
silica gel to determine whether it has been completely spent end make a 
notation of its condition. Transfer the silica gel from its impinger to its 
original container and seal. The tester may use a funnel to pour the silica 
gel end a rubber policeman to remove the silica gel from the impinger. The 
small amount of particles that may adhere to the impinger wall need not be 
re~~ved. Do not use water or other liquids to transfer the silica gel since 
weight gained in the silica gel impinger is used for moisture calculations. 
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Alternatively, if a balance is available in the field, record the weight of 
the spent silica gel (or silica gel plus impinger) to the nearest 0.5 g. 

5.2.7 Container No.7 (Acetone Blank), Once during each field test, place 
100 ml of the acetone used in the sample recovery process into a la&eled 
container for use in the front half field reagent blank. Seal the container. 

5.2.8 Container No.8 (0.1 N Nitric Acid Blank). Once during each field 
test, place 200 ml of the 0.1 N nitric acid solution used in the sample 
recovery process into a labeled container for use in the front half and back 
half field reagent blanks. Seal the container. 

5.2.9 Container No. 9 (5% Nitric Acid/10% Hydrogen Peroxide Blank). Once 
during each field test, place 200 ml of the 5% nitric acid/10% hydrogen 
peroxide solution used as the nitric acid impinger reagent into a labeled 
container for use in the back half field reagent blank. Seal the container. 

5. 2.10 Container No. 10 (Acidified Potassium Permanganate Blank). Once 
during each field test, place 300 ml of the acidified potassium permanganate 
solution used as the impinger solution and in the sample recovery process into 
a le'beled container for use in the back half field reagent blank for mercury 
analysis. Seal the container, 

Note: This container should be vented, as describ-ed in Section 5.2.4, to 
relieve excess pressure. 

5.2.11 Container No. 11 (8 N HCl Blank). Once during each field test, 
·place ~o ml or·tlie 8 Nnicirocliioric-aCiil-ilSecs-io 1-in&eu;e-acid:i.fied ~t~sium 
peraanganate impingers into a labeled container for use in the back half 
reagent blank for mercury. 

5.2.12 Container. No. 12 (Filter Blank}. Once during each field test, 
place an unused filter from the aame lot as the sampling filters in a labeled 
petri dish. Seal the petri dish. This will be used in the front half field 
reagent blank. 

5.3 Sample Preparation. Note the level of the liquid in each of the 
containers and determine if any sample was lost during shipment. If a 
noticeable amount of leakage has occurred, either void the sample or use 
methods, subject to the approval of the Administrator, to correct the final 
results. A diagram illustrating sample preparation and analysis procedures for 
each of the sample train components is shown in Figure A-3. 

5.3.1 Container No. 1 (Filter). If particulatre emissions are being 
determined, then desiccate the filter and filter catch without heat and weigh to 
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a constant weight as described in Section 4.3 of Method 5. For analysis of 
metals, divide the filter with its filter catch into portions containing 
approximately 0.5 g each and place into the analyst's choice of either 
individual microwave pressure relief vessels or Parr" Bombs. Add 6· ml of 
concentrated nitric acid and 4 ml of concentrated hydrofluoric acid to each 
vessel. For microwave heating, microwave the sample vessels for approximately 
12-15 minutes in intervals of 1 to 2 minutes at 600 Watts. For conventional 
heating, heat the Parr Bombs at 140"C (285°F) for 6 hours. Then cool the 
samples to room temperature and combine with the acid digested probe .rinse as 
required in Section 5.3.3, below. 
Notes: 1. Suggested microwave heating times are approximate and are dependent 

upon the number of samples being digested. Twelve to 15 minute 
heating times have been found to be acceptable for simultaneous 
digestion of up to 12 individual samples. Sufficient heating is 
evidenced by sorbent reflux within the vessel. 

2. If the sampling train uses an optional cyclone, the cyclone catch 
should be prepared and digested using the same procedures described 
for the filters and combined with the digested_filter samples. 

5.3.2 Container He. 2{Acetone Rinse). Note the level of liquid in the 
container and confirm on the analysis sheet whether or not leakage occurred 
during transport. If a noticeabl" _ _lliiiQ_Uilt__QfJ,g_a!<~_ha!Loecur.red,_.eithel' void--- --. ~-----··--·------- .. ·------·-- -·-·-·-··----------- ---

the sample or use methods, subject to the approval of the Administrator, to 
correct the final results. Measure the liquid in this container either 
volumetrically to ~1 Ill or gravimetrically to ~0.5 g. Transfer the contents to 
an acid-cleaned tare<! 250-ml beaker and evaporate to dryness at ambient .. 
temperature and pressure. If particulate emissions are being determined, 
desiccate for 24 hours without heat, weigh to a constant weight according to 
the procedures described in Section 4.3 of Method 5, and report the results to 
the nearest 0.1 mg. Resolubilize the residue with concentrated nitric acid and 
combine the resultant sample including all liquid end any particulate matter 
with Container No. 3 prior to beginning the following Section 5.3.3. 

5.3.3 Container No. 3 (Probe Rinse). The pH of this sample shall be 2 or 
lower. If the pH is higher, the sample should be acidified with concentrated 
nitric acid to pH 2. The sample should be rinsed into a beaker with water and 
the beaker should be covered with a ribbed watchglass. The sample volume should 
be reduced to approximately 50 ml by heating on a hot plate at a temperature 
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just below boiling. Inspect the sample for visible particulate matter, and depending on the results of the inspection, perform one of the following. If no particulate matter is observed, combine the sample directly with the acid digested portions of the filter prepared previously in Section 5.3.:1.-. If particulate matter is observed, digest the sample in microwave vessels or ParrA Bombs following the procedures described in Section 5.3.1; then combine the resultant sample directly with the acid digested portions of the filter prepared previously in Section 5.3.1. The resultant combined sample ill referred to u Fraction 1. Filter the combined solution of the acid digested filter end probe ·rinse samples using Whatman 541 filter paper. Dilute to 300 ml (or the appropriate volume for the expected metals concentration) with water. Measure and record the combined volume of the Fraction 1 solution to within 0.1 ml. Quantitatively remove a 50 ml aliquot and label as Fraction 1B. Label the remaining 250 ml portion as Fraction lA. Fraction lA is used for ICAP or AAS analysis. Fraction lB is used for the determination of front half mercury. 5.3.4 Container No. 4 (Impingers 1-3). Measure and .record the total volume of this sample (Fraction 2) to within 0.5 ml. Remove a 50 ml aliquot for mercury analysis and label as Fraction 2B. Label the remaining portion of Container No. 4 as Fraction 2A. The Fraction 2B aliquot should be prepared and analyzed as described in Section 5.4.3. Fraction 2A shell be pH 2 or lower. If necessary, use concentrated nitric acid to lower Fraction 2A to pH 2. The sample should be rinsed into a beaker with water and the beaker should be covered with a ribbed watchglass. The sample volUIIIe Should be reduced to approximately 20 ml by heating on a hot plate at a temperature just below boiling. Then follow either of the digestion procedures described in Sections 5.3.4.1 end 5.3.4.2, below. 
5.3.4.1 Conventional Digestion Procedure. Add 30 ml of 50 percent nitric acid and heat for 30 minutes on a hot plate to just below boiling. Add 10 ml of 3 percent hydrogen peroxide and heat for 10 more minutes. Add 50 ml of hot water and heat the sample for en additional 20 minutes. Cool, filter the sample, and dilute to 150 ml (or the appropriate volume for the expected metals concentrations) with water. 
5.3.4.2 Microwave Digestion Procedure. Add 10 ml of 50 percent nitric acid and heat for 6 minutes in intervals of 1 to 2 minutes at 600 Watts. Allow the sample to cool. Add 10 ml of 3 percent hydrogen peroxide and heat for 2 more minutes. Add 50 ml of hot water end heat for an additional 5 minutes. 
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Cool, filter th,e sample, and dilute to 150 ml (or the appropriate volume for the 
expected metals concentrations) with water. 

Note: All microwave heating times given are approximate and are dependent 
upon the number of samples being digested at a time. Heating times .as given 
above have been found acceptable for simultaneous digestion of up to 12 
individual samples. Sufficient heating is evidenced by solvent reflux within 
the vessel. 

5.3.5 Contsiner No. 5 (Impingers 4 & 5). Measure and record the total 
volume of this sample to within 0.5 ml. This sample is referred to as Fraction 
3. Follow the analysis procedures described in Section 5.4.3. 

5.3.6 Container No. 6 (Silica Gel). Weigh the spent silica gel (or silica 
gel plus impinger) to the nearest 0.5 g using a balance. (This step 
may be conducted in the field.) 

5.4 Sample Analysis. For each sampling train, five individual samples are 
generated for analysis. A schematic identifying each sample and the prescribed 
sample preparation and analysis scheme is shown in Figure A-3. The first two 
samples, labeled Fractions lA and lB, consist of the digested samples from the 
front half' of the train. Fraction lA is for ICAP or AAS analysis as described 
in Sections 5.4.1 and/or 5,4,2, Fraction lB is for determ1natfori offrorit half 
mercury as described in Section 5.4.3. 

The back half of the trBin was used to prep~ the t!lir!Lthrnughi'j_f:th ______ _ -~-.. ---------"-···--~--- ----- ------------- ---~-- ~--~---~--- .. -···---- --

samples. The third and fourth samples, labeled Fractions 2A and 2B, contain 
the digested samples from the ~0 and HN03/~02 Impingers 1 through 3. Fraction 
2A is for ICAP or AAS analysis. Fraction 2B will be analyzed f'or mercury. 

The fifth sample, labeled Fraction 3. consists of the impinger contents and 
rinses from the permanganate lmpingers 4 and 5. This sample is analyzed for 
mercury as described in Section 5.4.3. The total back half mercury catch is 
determined from the sum of Fraction 2B and Fraction 3. 

5.4.1 ICAP Analysis. Fraction 1A and Fraction 2A are analyzed by ICAP 
using EPA Method 200.7 (40 CFR 136, Appendix C). Calibrate the ICAP, and set up 
an analysis program as described in Method 200.7. The qual! ty control proce
dures described in Section 7. 3.1 of this method shall be followed. Recommended 
wavelengths for use in the analysis are listed below. 
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Element 
AlUlllinum 
Antimony 
Arsenic 
Barium 
llery 11 i Ulll 

Cadmium 
Chromilllll 
Copper 
Iron 
Lead 
Manganese 
Nickel 
SeleniWII 
Silver 
Thallium 
Zinc 

Wavelength 
308.215 
206.833 
193.696 
455.~03 
313.~2 
226.502 
267.716 
324.754 
259.940 
220.353 
257.610 
231.~ 
196.026 
328.068 
190.864 
213.856 

Inn) 

flll:o clocts:i'ien! l.o IIA p;onmtnary lira"-
• M 1\01 been form• lly rel"-11oud l>f El'l& 
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The wavelengths listed are recommended because or their sensitivity and oversll 
acceptance. Other wavelengths may be substituted if they can provide the 
needed sensitivity and are treated with the same corrective techniques for 
spectral interference. 

Initially, anslyze all samples for the target metals plus iron and 
al=inum. If iron and sluminum are present in the sample, the sample may have 
to be diluted so that each of these elements is at a concentration of less than 
50 ppm to reduce their spectral interferences on arsenic and lead. 

Note: When anslyzing samples in 11 hydrofluoric acid 111atril<, an alumina 
torch should be used; since all front half samples will contain hydrofluoric 
acid, use an alumina torch. 

5.4.2 AAS by Direct Aspiration and/or Graphite Furnace. If analysis of 
metals in Fraction 1A and Fraction 2A using graphite furnace or direct 
aspiration AAS is desired, Table A-2 should be used to determine which 
techniques and methods should be applied for each target uetal. Table A-2 
should also be consulted to determine possible interferences and techniques to 
be followed for their minimization. Calibrate the instrument according to 
Section 6.3 and follow the quality control procedures specified in Section 
7-3.2. 

5.4.3 Cold Vapor AAS Mercury Analysis. Fraction 1B, Fraction 2B, and 
Fraction 3 should be analyzed for mercury using cold vapor atomic absorption 
spectroscopy following the method outlined in EPA Method 7470 or in Standard 
Methods for Water and Wastewater Analysis, 15th Edition, Method 303F. Set up 
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TABLE A-2. APPLICABLE TECIIN[QUES, METHODS, AND MINIMIZATION OF iNTEFERENCE FOR AAS ANALYSIS 

Metal Technique Method 
No. 

Sb Aspiration 70~0 

Sb Furnace . 7041 

As Furnace 7060 

Ba Aspiration 7080 

Be Aspiration 7090 

Be Furnace 7091 

Cd Aspiration 7130 

Cd Furnace 7131 

Cr Aspiration 7190 

Cr Furnace 7191 

(continued) 

Wavelength Interference 
(nm) 

217.6 

217;6 

193-7 

553.6 

234-9 

234-9 

228.8 

228.8 

357-9 

357-9 

Cause Minimization 

1000 mg/ml Pb Use secondary wavelenght of 231.1 nm. Ni. Cu. or acid Match sample & standards acid concentration 
or use nitrous oxide/acetylene flame 

High Pb Secondary wavelength or Zeeman correction 

Arsenic volati - Spiked samples & add nickel nitrate solution zation to digestates prior to analyses 
Aluminium Use Zeeman background correction 

Calcium High hollow cathode current & narrow band set Barium ionization 2 mL of KCl per 100 mL of sample 

500 ppm Al Add 0 ;1% fV'Jride 
j High Mg & Si Use method of standard additions 

Be in optical path Optimize parameters to miminize effects 
Absorption & light Background correction is required scattering 

As above As above 
Excess chloride· Ammonium phosphate used as a matrix modifier Pipet tips Use cadmium-frea tips 

Alkali metal KCl ionization suppressant in sample & stand Absorption & scatt Consult manufacturer's literature 

200 mg/L calcium All calcium nitrate for a know constant effect & phosphate and to eliminate effect or phosphate 
! 
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TABLE A-2 (CONTINUED) 

Metal I Technique I Method 
No. 

"" l 
U1 _, "' _, 

Cu 

Fe 

Pb 

Pb 

Mn 

Ni 

Se 

11 '; ·d ::; • .:1 Ag 
rn,..oi!'Gr 
~~~!;.~D 
~;;eo=-~ 

Q.Jc:oc 
~<f-o:;31 
11;1 .... :;:J ,. ... 

-.:;n~2~ii Tl 
L3~~(t&r' 
.5"·:~ .!1 - ~ .. 

! ..... ::~.., 
~o•==G: 
o=*'"<-

g"fl~iil~ 
r:g "m~ 
g_;:;i:~ .... - .. 

n"n0.9. 
:raoaiJ 
.l lie :JI -...; .;all' 

-

f~~:il 
i 

Tl 

Zn 

Aspiration I 7210 

Aspiration I 7380 

Aspiration 7420 

Furnace 7421 

Aspiration I 746o 

Aspiration I 7520 

Furnace I 7740 

Aspiration I 776o 

Aspiration I 7840 

Furnace I 7841 

Aspiration I 7950 

Wavelength 
(nm) 

3211.7 

248.3 

283.3 

283.3 

279·5 

232.0 

196.0 

328.1 

276.8 

276.8 

213.9 

Interference 
Cause I Minimization 

Absorpt & scatter I Consult manufacturer's manual 

Contamination I Great care taken to aviod contamination 

217.0 nm alternat I Background correction required 

Poor recoveries I Matrix modifier, add 10 uL of phosphorus acid 
to 1-mL of prepared sample in sampler cup 

403.1 nm altemat I Background correction required 

352.4 nm alternat 
l'e, .Co,. & Cr 
Nonlinear respons 
Volitality 

Adso['Pt & scatter 

Absorpt & scatter 
AgCl insoluble 

Viscosity 

Hydrochloric acid 
or chloride 

High Si, Cu & P 
Contamination 

Background correction required 
Matrix matching or a nitrous-oxide/acety flame 
Sample dilution or use 352.4 nm line 
Spike samples & reference materials & add nicke 
nitrate to minimize volatilization 

Background correction is required & Zeeman 
background correction can be useful 

Background correction is required 
Avoid hydrochloric acid unless silver is in 
solution as a chloride complex 

Sample & standards uonitored for apiration rate 

Background correction is required 
Hydrochloric acid should not be used 

Background correction is required 
Verify that losses are not occufing for 
_yolitlzabion by spiked samples or standad addt 
Palladium is a suitable matrix modifier 

Strontium removes Cu and phosphate 
Care should be taken to avid contamination 



the calibration curve as described in Section 7.3 or Method 303F. Add 
approximately 5 ml of each sample to BOD bottles. Record the amount or sample 
added. The amount used is dependent upon the expected levels of mercury. 
Dilute to approximately 120 ml with mercury-free water. Add approxi~ately 15 
ml of 5 percent potassium permanganate solution to the Fraction 2B end Fraction 
3 samples. Add 5 percent potassium permanganete solution to the Fraction lB 
sample as needed to produce a purple solution lasting at least 15 minutes. A 
minimum of 25 ml is suggested. Add 5 ml of 50 percent nitric acid, 5 ml of 
concentrated sulfuric acid, and 9 ml of 5 percent potassium persulfate to each 
sample end each standard. Digest the solution in the capped BOD bottle at 95•c 
(205°F) in a convection oven or water bsth for 2 hours. Cool. Add 5 ml of 
hydroxylamine hydrochloride solution and mix the sample. Then add 7 ml of 
stannous chloride to each sample and analyze immediately. 

6. Calibration 

Maintain a laboratory log of all calibrations. 
6.1 Sampling Train Calibration. Calibrate the sampling train components 

according to the indicated sections of Method 5: Probe Nozzle (Section 5.1); 
Pi tot Tube {Section 5.2}; Metering System {Section 5.3): Probe Heater (Section 
5.4); Temperature Gauges (Section 5.5); Leak-Check of the Metering System 

... _(~c t_:lon 5_._6.}_; @.9-Jl!lrom~ter.JSe.c.tian.SS) .• ~ .. ------··-··--·~-~- ---······--·--···· 
6.2 Inductively Coupled Argon Plasma Spectrometer Calibration. Prepare 

standards as outlined in Section 4.4. Profile and calibrate the instrument 
according to the instrument manufacturer's recommended procedures using the 
above standards. The instrument calibration should be checked once per hour. 
If the instrument does not reproduce the concentrations of the standard within 
10 percent, the complete calibration procedures should be performed. 

6.3 Atomic Absorption Spectrometer - Direct Aspiration, Graphite Furnace 
and Cold Vapor Mercury Analyses. Prepare the standards as outlined in Section 
4.4. Calibrate the spectrometer using these prepared standards. Calibration 
procedures are also outlined in the EPA methods referred to in Table A-2 and in 
Standard Methods for Water and Wastewater, 15th Edition, Method 303F (for 
mercury). Each standard curve should be run in duplicate and the mean values 
used to calculate the calibration line. The instrument should be recalibrated 
approximately once every 10 to 12 samples. 
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7. Quality Control 
7.1 Sampling. Field Reagent Blanks. The blank samples in Container 

Nucbers 7 through 12 produced previously in Sections 5.2.7 through 5.2.11, 
respectively, shall be processed, digested, and analyzed !IS follows.- Digest 
and process Container No. 12 contents per Section 5.3.1, Container No. 7 per 
Section 5.3.2, and half of Container No. 8 per Section 5.3.3. This produces 
Fn~.ction Blank 1A and Fraction Blank 1B from Fraction Blank 1. Combine the 
remaining half of Container No. 8 with the contents of Container No. 9 and 
digest and process the resultant volume per Section 5.3.4. This produces 
Fraction Blank 2A and Fraction Blank 2B from Fraction Blank 2. Container No. 10 
and Container No. 11 contents are Fraction Blank 3.. Analyze Fraction Blank 1A 
and Fraction Blank 2A per Section 5.4.1 and/or 5.4.2. Analyze Fraction Blank 
1B, Fraction Blank 2B, and Fraction Blank 3 per Section 5.4.3. The analysis of 
Fraction Blank lA produces the front half reagent blank correction values for 
the metals except mercury; the analysis of Fraction Blank 1B produces the front 
half reagent blank correct value for mercury. The analysis of Fraction Blank 2A 
produces the back half reagent blank correction values for the metals except 
mercury, while separate analysis of Fraction Blanks 2B and 3 produce the back 
half reagent blank correction value for mercury. 

7. 2 An attempt may be made to determine if the laboratory reagents used in 
Section 5.3 caused contamination. They should be analyzed by the procedures in 
Section 5.4. The Administrator will determine whether or not the laboratory 
blank reagent values can be used in the calculation of the stationary source 
teat results. 

7.3 Quality Control Samples. The following quality control samples· should 
be Malyzed. 

7 .3.1 ICAP Analysis. Follow the quality control shown in Section 8 of 
Method 6010. For the purposes of a three run test series, these requirements 
have been modified to include the following: two instrument check standard 
runs, two calibration blanlc runs, one interference check sample at the 
beginning of the analysis {must be within 25% or analyze by standard addition), 
one quality control sample to check the accuracy of the calibration standards 
(must be within 25% of calibration), and one duplicate analysis (must be within 
5% of average or repeat all analysis). 

7.3.2 Direct Aspiration and/or Graphite Furnace AAS Analysis for Antimony, 
Arsenic, Barium, Beryllium, Cadmium, Copper, Chromium, Lead, Nickel, Manganese, 
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Mercury, Phosphorus, Selenium, Silver, Thallium, and Zinc. All samples should 
be analyzed in duplicate. Perform a matrix spike on one front half sample and 
one back half sample or one combined sample. If recoveries of less than 75 
percent or greater than 125 percent are obtained for the matrix spike, analyze 
each sample by the method of additions. A quality control sample should be 
analyzed to check the accuracy of the calibration standards. The results must 
be within 10% or the calibration repeated. 

7. 3. 3 Cold Vapor AAS Analysis for Mercury. All samples should be analyzed 
in duplicate. A quality control sample should be analyzed to check the accuracy 
of the calibration standards (within 10% or repeat calibration). Perfora a 
matrix spike on one sample from the nitric impinger portion (must be within 25% 
or samples must be analyzed by the method of standard additions). Additional 
information on quality control can be obtained from EPA Method 7470 or in 
Standard Methods for Water and Wastewater, 15th Edition, Method 303F. 

8. Calculations 

8.1 Dry Gas Volume. Using the data from this test, calculate V•<•••l' the 
dry gas sample volume at standard conditions as outlined in Section 6.3 of 
Method 5. 

8.2 Volume of Water Vapor and Moisture Content. Using the data obtained 
fr())D __ t;h;i!_~!!-~l;,__c:al_c:ull!t;tL th!LYQl!!!!!JLo_f. water._yapor .. Y., (·a·t-.sy·and_the ... moisture 
content B.,. of the stack gas. Use Equations 5-2 and 5-3 of Method 5. 

8.3 Stack Gas Velocity, Using the data froa this test and Equation 2-9 of 
Method 2, calculate the average stack gas velocity. 

8.4 Metals (Except Mercury) in Source Sample. 
8.4.1 Fraction lA, Front Half, Metals (except Hg). Calculate the Bllount 

of each metal collected in Fraction 1 of the sampling train using the following 
equation: 

Z>• D-.urlrel'ft II • .prenmlnery dnltl 
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*If Fractions lA and 2A are combined, proportional aliquots must be used. 
Appropriate changes must be made in Equations 1-3 to reflect this approach. 
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where: 

M,h • total mass of each metal (except Hg) collected i~ the 
front half of the sampling train (Fraction 1), ug. c. • concentration of metal in sample Fraction 1A as read from·the 
standard curve (ug/ml). 

F• • dilution factor (F• • the inverse of the fractional portion of the 
concentrated sample in the solution actually used in the instrument to 
produce the reading c •. For example, when the dilution of Fraction 1A 
is from 2 to 10 ml, F• = 5). 

V " total volume of digested sample solution (Fraction 1), ml. ao1n,1 

8.4.2 Fraction 2A, Back Half, Metals (except Hg). Calculate the amount of 
each metal collected in Fraction 2 of the sampling train using the following 
equation. 

where: 

~h = total mass of each metal (except Hg) collected in the back half 
of the sampling train (Fraction 2), ug. 

c. = concentration of metal in sample Fraction 2A, as reacl from the 
standard curve (ug/ml). 

Eq. 2" 

F. = aliquot factor, volume of Fraction 2 divided by volume of aliquot 
Fraction 2A. 

v. • volume of digested sample analyzed (concentrated Fraction 2A), ml. 

8.4.3 Total Train, Metals (except Hg). Calculate the total amount of each 
of the quantified metals collected in the sampling train as follows: 

Eq. 3 .. 

where: 

111, • total mass of each metal (separately stated for each metal) collected 
in the sampling train, ug. 

111,,. = blank correction value for mass of metal detected in front half 
field reagent blank, ug. 

~bb • blank correction value for mass of metal detected in back half 
field reagent blank, ug. 

"If Fractions lA and 2A are combined, proportional aliquots must be usecl. 
Appropriate changes must be made in Equations 1-3 to reflect this approach. 
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' 
Note: If the measured blank value for the front half (m,..) is in the range 0.0 
to A ug [where A ug equals the value determined by multiplying 1.4 ug per square 
inch (1.4 ug/in. 2 ) times the actual area in square inches (in. 2 ) of the filter 
used in the emission sample], "'••• may be used to correct the emissinn sample 
value (m,.); if mthb exceeds Aug, the greater of the two following values 
(either I. or II.) may be used: 

J:. A ug, or 

J:I. the lesser of (a) •thb' or (b) 5 percent of •, •• 
If the measured blank value for the back half (m,hb) is in the range 0.0 to 1 
ug, ..... b may be used to correct the emission sample value (m,.); if m. •• exceeds 
1 ug, the greater of the two following values may be used: 1 ug or 5 percent of ...... 

8.5 Mercury in Source Sample. 
8.5.1 Fraction 1B, Front Half, Hg. Calculate the amount of mercury 

collected in the front half, Fraction 1, of the sampling train using the 
following equation: 

Hg, ... Eq. 4 

where: 

~~Hgr-~ •total-mass of mercucy-collected in the front b&if ~of the sampling 
train (Fraction 1), ug. 

~. • quantity of mercury in analyzed sample, ug. 
Vaotn.t • total volume of digested sample solution (Fraction 1), al. 

V, 18 • volume of Fraction 1B analyzed, ml. See the following Note. 
Note: V, 11 is the actual amount of Fraction 1B analyzed. For example, if 1 ml 
of Fraction 1B were diluted to 100 ml to bring it into the proper analytical 
range, and 1 ml of the 100 ml dilution was analyzed, Vua would be 0.01. 

8.5.2 Fraction 2B and Fraction 3, Back Half, Hg. Calculate the amount of 
mercury collected in Fractions 2 and 3 using Equations 5 and 6, respectively. 
Calculate the total amount of mercury collected in the back half of the sampling 
train using Equation 7. 

Cl. h2 
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where: 

where: 

where: 

• total mass of mercury collected in Fraction 2, ug. 
• quantity of mercury in analyzed sample, ug. 
• volume of Fraction 2B analyzed, ml (see Note in 

Section 8.5.1). 
• total volume of Fraction 2, ml. 

• total mass of mercury collected in Fraction 3, ug. = quantity of mercury in analyzed sample, ug. 
• volume of Fraction 3 analyzed, ml (see Note in 

Section8.5.1). --
= total volume of Fraction 3. ml. 

Eq. 6 

Eq. 7 

Hgbh = total mass of mercury collected in the back half of the sampling 
train, ug. 

8.5.3 Total Train Mercury Catch. Calculate the total amount of mercury 
collected in the samplifig train using Equation 8. 

Eq. 8 

where: 

M, = total mass of mercury collected in the sampling train, ug. 
Hgthb • blank correction value for mass of mercury detected in front half 

field reagent blank, ug. 
Hg••• • blank correction value for mass of mercury detected in back 

half field reagent blank, ug. 

Note: If the total of the measured blank values (Hg,., • Hg•••) is in the range 
of 0 to 3 ug, then the total may be used to correct the emission sample value 
(Hgth + Hgbh); if it exceeds 3 ug, the greater of the following two values may 
be used: 3 ug or 5 percent of the emission sample value (Hg1 • • Hg •• ). 
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8.6 Metal Concentra.tion of Stack Gas. Calculate the cadmium, total 
chromium, arsenic, nickel, manganese, beryllium, copper, lead, phosphorus, 
thallium, silver, barium, zinc, selenium, antimony, and mercury concentrations 
in the stack gas (dry basis, adjusted to standard conditions) as follows: 

where: 

• concentration of each metal in the stack gas, mg/dscm. 
• 10·3 mg/ug. 
= total mass of each metal collected in the sampling train, ug. 
• volume of gas sample as measured by the dry gas meter, corrected 

to·dry standard conditions, dscm. 

8.7 Isokinetic Variation and Acceptable Results. Same as Method 5, 
Sections 6.11 and 6.12, respectively. 
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1. l"ri~ CIMAPIJI~ 1.1 Pri~ AD tntesrated or CODUD~ ru auao~e Ia ~ from a 8JDP1IDI potnt and &D&l~ tor c:arbOD 111011ozldll ceo> coac.esn Ullnl a Luft·tJIIe nondlaperlin IDfrared &Dalyzer <NDIJU or eqwvaleaL 
1.2 A~U.. Thil method Ia &DDlJca.. ble for c.be dewrminatlon of carbon IDODOS· ldt eat1 ...... from lt&tiOn&r)' IOW'Cel oaiJ wbeD ~ bJ Ule tan proeecl\lnl far ~ COIDPllaDce wtUl Dew ~ l)ftfOftllo&DIDe .c&Dclanll. The te1t proeecture WU1 IDdScale wheUl• a coaUDuo• or u ID~ -.ple Ia to be u.cL 

2. ~ _, MUCttvUJ&, 
2.1 Jta41& 0 to 1,000 11011L 
2.2 $cluCa.U,. KIDlmum detec:tUle eae
cea~ II 20 ppm for a o to 1.000 ppa .-a. 

s. lflUrf~ Azu IUbR&aet -~ a IU'ODI abeol11UOD of IDtrand 1DUV wW IDWfere to 10111e entaL. Por u•mple. diao c:z1mlna&Joa rattoe for wac. CILO> and e:arboD dkndde ceo.> are U I*'CIDt ILO per 'f PDIIl co aDd 10 Def'CII!Dt co. per 10 ppm CO. rapee&.~YelJ'. for den:81meuurtDr iD the 1.500 to 3.000 ppm ruate. Por de9tcea meuur!DIID Ule o to 100 PPIIli'Ulle. IDwr· fermce nuo. cu be u b1Pl u U percent 1L0 per 21 ppm CO aDd 10 percat CO. per 10 Plllll co. The u. of IIWca p1 aDd ucar· lt.e cr.,. wW allmat.e tbe m.- IDc.erf•· 
eDCe problema. Tbe meuund IU volume mua be CIOI'I"tC&ed If tb- Cftllil are UMCL . t. PrleVCotl .,.., ~,.., 

u ~ Tbe PI' I c'lkla of m.- NDIJt Ul&lntn II IIIPI""z!•"elr :2 paoemt at ..-A: 
u A~ Tbe aocurK7 of m.- Jmut I.D&lnerl II 111PlOX1mi.Cel1 :d percem of IPUl after calJbraUGD. 
I.A~ . 
1.1 Cot&lilltiOIII ....,. <P!Iwt 10.1). s.u Prok ~ 1t.ee1 ar lbeubed . P'71'a' 11ua. equipped wWl a mter to 

reai09e ~ mau.er. 

TrMsmitttd lipt Pulse:~- - = --~-----: 
4 Kl u- I 

I I I llqr,_ ._ 0111- Filtef .I 
lacbcatter Retum Sipal II ..._. 1

1 • -- V-$~ 

1.1.2 A(~ ~ t1r et~J(~ To remcwe ID1 ~ mo~ 
1.2 I~,__,. CP'IIUn 10.2». 
1.2.1 ,..,_ Staml- at.ee1 or abatbed .P7ra Jlua. eQuipped WIUa ~ fUter to 

l"f!!DOft ~ mau.er. . 1.2.2 A~ CIOfldefulp or etiJ(tNIJftL To remon Ul1 ~ moa.tun. 
1.2.3 VGiec. Needle ftlft. or equ!ftlat. to . to acUuA now n&a. 
1.2.4 ,....., LeM·Ine cl1apbnpa &ne. or eQUI't'&ltDt. t.o tnDIIPOrt ..... 
1.2.1 Jt&U IMCir. Roc.amec.r. or tQ\Ifftlat. to llleuuN • flow nap ~ 0 10 1.0 uw p.- miD. co.oa diDJ. 
1.2.1 1lcft6k -.. TM~Jar. ar eQUiftleat. wtUl a ~tf of 10 to 10 Ut.en C2 to 3 It •>. LeK·r.t UM _, ID Ule l&bora&.or7 before UIIDI bJ encuaclq bal wttb a pw:llCI fol· 

•MenUOD of U... aam• or apec:lflc Prod· ucu c10t1 DOt CDDIUtuce mcklraemeat bJ the J:Druoamea&al PrDUc&IOD AlaiCJ. 

.. ,I --- ~,~~~~--~ 
I t ----~----~ I I I a -.o-c. , I r-----------.J __ !.,-~-~------' 

• • 
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lowecf b7 a dry .-u meter. When evacuation 
AI comple~e., there 1hould be no now 
Ulroqh Ule .......... 

1.2. 7 l'Uot tllbo. TJpe s. or e<1ulvalen~ at· 
taclled 10 tbe probe oo that the u.mpllna 
rau tall be recuJ&tecl proportlooal 10 the 
1t1c1t PI -t;r when nlodt;r II varylnl 
Wltb tbe tame ar a ample tnvene 11 eo& 

clucted. 
U An<II,.U I~ 1041. 
S.U Cll-~ An<llvzer. Nondll

peratn 1nfrved a:pectrometer, or eQUivalent. 
Thll ~ should be demo111U.ted. 
preferablJ br' tbe manufacturer. to meet or 
u:eeed mazm1actluer'l ~icatJODI and 
u.--Ill tb.ll method. 

1.3.2 ~ tllll& To CODtiiD appro:a:l· .......,.200. of ollie& pl. 
U.J ~-. RetoriO -h 

u 
U.4 l'fU6. .All reeommended b7 NDIR 

mannfecmrw. 

--

-

1.2 Sllierl pol. lncll~ t:n>o. I 10 II 
melh. dried at 175" C !:147" PI lor 2 boun. 

1.3 bc:ArU& CAmmerelall7 available. 
T.J>ro<:elw& 
T.ISGm;li,.._ 
7.1.1 CDfttlft'""" "'"'""""" !let up tbo 

eQuipment u shown In Plnn IG-1 mat1n1 
IUl"e all C""'MCt'ona &n leak b'M.. Place tbe 
probe ID the lt&ck at a um;aJ!nl PGlDt ADd 
Pum the AZDPllnl line. Connoet tbe ..,.. 
lner ancl - clrawln& ample lllto tbo .,.. 
alner. Allow 5 mlmltA!O lor the - 10 
llt&bW... tben reeord the aoalner re&dlnl 
u reqalrecl b7 tbe teet Proc:ecluro. <See I 7.2 
anclll. CO. contA!nt of tbe po m&7 be -
m11led by UllllC tbe Metbocl 3 lntelr&tld 
AmPle prooeduro <U PR :141111. ar 117 
wellblnl tbe uca:lte CO. mnonl tube
"""'''Utlnt CO, COtiCI!lltratl.., - the -
volume sampled anc1 tbe w~t pin of tbo 
tube. 

7.1.2 /~ IAmJIIj~ J:ncual<o tbo 
fiex.lble bq. Set UP the equipment U ahOWD 
In Flcure lG-2 w!tb tbo bal dllc:onneetedo 
Plaee tlle probe to tbe ltlclt and ~>urn tile 
sampllnl - Connoet tbe bal. matlnl.aun 
tbat all eonneetiA!II oro leak tree. l!&m!>le at 
a rate proportlollal 10 tbe 1t1c1t ftlodt;r. 

~~----~c:<>ntA!Ot-o!-tbe.--m&J'-be-determlnod-

........ _ __..._ 

117 - tbe IIOU!od 3 lntecr&tecl oample 
procecllUeO 131 PR 2tllll. or by wellblnl 
tbe .....nte CO. remoYIII tube and comJ>U'" 
IDI co. caaceatratioa from the IU YOlume 
AZDPiecl and lbe wellht pin of tbe tube. 

7.2 CO .. u~,.u. Aaemble tbe &JII>&I"&I.ul 
u shown In PIIW'e 104. c:al1brate tbe ID
ItiUmellt. aDd perform other required oper
r.Uom u deocrlbed In -b I. Pulp 
&D&lJRr with M, prior co introduction of 
each 1UD1JiL Dtreet the umpJe ltre&lll 
throlllb lbe -..ment lor tbe teet pertod. S..:U CO. J'eiDO'nJ tube. To conta1D 

proximately 500 1 of ucarltA!. - reeorcllnl tbe -... Chec:ll: tbe zero and 
_, - alter tbe teet 10 ........ that &117 Ul lr:. - llo&th. 1'or ue&ritA! anclllllca 

ael tub& 
U 7 Vc&loe. If- nl.._ or equlnlen~ 10 -flow rate 
5.3.1 R4U 111da". Rotameter or equivalent 

to meuure PI fknr rate of 0 to 1.0 Uter per 
m1n. 10.035 emu tbroulb NDIR. 

5.3.1 1Ucorfl.er (o:Ptioun. To provide per'· 
manent record of JI'DIR rea4tnaa. 

1.&<1-tl. 
1.1 Calfbrw.tioll guei, Known eoneentra

ttoa of CO In Dltrot'eD Of,) for lnltrumen\ 
SP&Il. prepwtfled srade of Na for zero. and 
two addJUon&l caoceutn.Uona correspondtna 
a.ppro:r.imateJJ' to eo percent and 30 percent 
spe.a,. The IPID concentration lhall not 
exceed 1..S t1me1 tbe applicable aource per
lorm.anc:e - Tbe c:a11bnUon -
lhall be cerUDed ..,. tho manufaeturer 10 be 
wttND :2 -.- ot tbe II>Odfled eoncen· 
tlUicm. 

clltft .. -· cle-- tbo 
---'hblo 1G-1. I. C'llllbNtioiL -'-mble the &JII>&I"&I.ul ae-
cordiDI 10 PIIW'e 104. Oenerall7 an lnltlv
ment J'eQUira • warm-up pe.rtod belon .ca. 
bWtJ J1 •"1necl .PDllow tbe mmutactur .. 
er'o - tar III>Od1lc proc:ec~un. 
Allow a-- time of I bOur tor -
up. Dullzqr tbll - ell- tbo AmJ>1o ....,. 
diU- - 1o.. mter. --· 
clr71DI - - co. ftiiiUiftl tube. 10 enoure that eac:b ....,_, 11111.-.,... 
&t.lDI' .,., m., Zero &Dd c:::alJbn.te the ID
IIUWDent .__ 10 the IIL&Dutacturer'a 

procedureo- .-nl7. nl-
tbe--
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TA8LE 10--1-FIELD DATA 

---- ---.. ,...,.. CQIIIC---
t.~at

WIIO'IIGII'NI& Ce!mzlete t.be CGDCeDtl'at.tml of 
c:u"bcm ...,xh'h JD Che atack uatD& equa
-1G-L 

C..-•C..,_!1-T.,J 
wbere: 

C.. --ooneea- of CO ln 1tac1t. .,_117 ooluma 1c1r7 _,_ 
C.:. MW•eonce:ntratloa of CO meuured 

117 IIDIR -· - 117 volume 11117-L r--- tr.c:tlaa of CO. In oample. 
I.e.. -"""" co. - ()nat anal7l'll clh1cled 117 100. 

10.~ 

10.1 lleElroy. PnDt. The IntA!rtedl NDIR
CO ADai70C. Praentecl at lltb lleth
odl conference on Air Pollutlon. OnJver· 
IllY of C&llloml&. Berkeley. Calli •• April l.lm.. ····---~-~-~ 

10.2 J- K. B.. ot aL. Conunuoua Oe
termiD&Uan of C&rbon Monoxf~ and 
117_.,. Ill Air by a Modltlecl In· 
tnred ~. J. Air PoUuUOil Contn>l 

-Aii0elatlon.-J<2Y.-UII"llt. ~-IJ51~- ~ 
1u M& LIRA Inhand au - Liquid 
~ Inot.rueUon BooL ll1ne SaletJ 
AppllaDeol Co. Teehnleal Procluc:IO DIYI· 
liOn. J'IUihuqto. PL 

10.4 Modell 21U .. 311A. ancl 415A Inhand 
Anai7Rn. BeeltmaD Inotnunento. Inc.. 
Bec:lrJiwl lllltruc:U0111 1113$-B. Puller· 
ton. C&lll. Oetober 181'1. 

10.5 Conunua111 CO MonliOrinc s ..... m. 
Model .&5111. lntA!rtA!eh Co"'" Prlnee
IOD. Jil..l. 

10.1 UNOR Infrared au AnalYZers. 
Bencliz Corp •• Ronc:evertA!. Wm Vlrlln· 
Ia. 

ADDEHoA-A. ~MANCE SfoEaFICATIOHS 
1'011 NOfl CAll- MONoXIDE ANAl. Y%EIIS. 

' 
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B. !l(f!nUloft> Q/' l'er:to"""""" S~· lio!u. 
&...,._The mlnlmWII lWI ....x~mum me~tumita. 
Oull>ul-Eieetrtcal lltan&l - Ill Pl'O!>Of· Uonal to the measurement: intended tor eonnectlOD to reo.dout or <Ia>& -tng deVices. Usuall1 e:a:p& cued u m!lllvolt.B or mJJ. llam!>l full oaole lit a !liven ImpEdanCe. Full $Cale-The m.t.Jtimum meul.U"inS UmU. for a.stven I'BJlR. 
Mtnim""' lle14et1Sb/8 ....nttottv-Tho smallest amount ot tnput ~tn.tton U:&a.t. CILD be det.ecf.ed u t.be ~tnltion ap.. 

proeobea """'· .cceu......,_Tbe deCree of ..........,, be-tween a meuured ftlue and the true value; WIU&Il,- expresoecl u :1: -' o!luD -.!e. Ttm.e to H pm::e71.t re:opo;ta..-The time fn.. t.erva! from a eeop el'l.onSe m the Input con· eentratton at the matrument .tnlet to a read!Dg of DO pm:oot of the ul- recorded "'""'""tratllm. Rile Ttme <SO ,.,-centl-The Interval between tnJ.tia.l response time and time to 90 percent reaJ)Onae &fter a atep inc:reUe in the Inlet eoncentr&tton. 
Fall Ttmt' <SO pereent>-The interv&l be.. tween tnJU&J response time and time to 90 percent response atter a step decrell&e in the inlet concentraUon. 
Zero lhVf-The eh&nae m Instrument output over a atated time periOd. \Jill&lly 24 hOW"B. of u.na.dJUitecl eonttnuous operation when tbe input coneentn.tion Is zero; w:uaJ.J.y expressed u percent fUU sale. Spcn. Drtrt-The e.ha.nse in tnatrwnent output over a stated time perkld.. uaua.J.ly 24 hours. ot una.dJu.stec! ·continuous operation when the input concentration i.s a. stated upac&le vaJ.ue; UW&llY ~xpressed u percent lull IIC&le. 

Preei.tio1a-The desree of agreement between repa.ted meuurements of tb.e same concentration. expressed u the &venae deviation of the stnsJe results from the mean. Noi.Be-Sponta.."'leous d.eviabons from a. mean output not. caused by input concentra.· t.ion cha.naea. 
L1i1Wa.f'tttt-The Dli.Ximum deviation between an actual tnst.ru.ment rea.dinB and the rea.dJna preQicted by a stl"&ight line drawn between upper and. lower caJ.Jbn.Uon points. 
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Method .'lA-Determination of()xyyen and CorbM OitJJJt.ide ConcentmlitJttS .w Em1ssions From Stationary Sources (lrufl'lilftentol 
Ana/yur f>roceduro/ 

1. AppliCDbility and Principle.. 
1.1 Applicobilily. This ...u..1 is 

applicable to the determination ol oxygen 
10,1 w carl><>• di""ide (CO,) ""'""'"""''on, in emiuion.s from stallonary iOUrC2S only 
when specified within lhe regulab!MlS. 

1.2 Principle. A sample is contJDuously 
extracted frotn the effiuentstreut: a portion 
of lhe sample stream ia conveyed 1o0 an instrumental an.aJy:er{sJ for deiE'f"SSln.ation of Oa and COa concentration(al. Performance apectficationa and teat procedure are 
provided to ensure reliable data. 

2. RDnae and SensitiviiJ'· 
Same as Method ec. Sections 2..1 and 2.2. except that the span of the monnonng system 

shall be selected such thai the evmge 0: or CO: concentration is not leam tham 20 percent 
of the span. 

3. DefinitiOft&. 
3.1 Meaaurement System. The total 

equipment required for the determination of the 0, or COt concentratiOfl. The 
meaawement s)'ltem conaials of the same 
major.aubayslema aa dermed 1n Method 8C. SectionS 3.1.L :u.z. and 3.1.3. 

3.2 Span. Calibration Caa. Aulyz.er 
Calibration Error. Sampline System Bias. Zero Drift Calibration DrilL Res- Time. and Calibration Curvo. s. ..... Method ec. 
Sections 3.2 throuah 3.8. ODd 3.10. 

3.3 Interference Reaponae. The output response of the me11urem.ent system to a 
componenl in the Hmp1e gaa. o\hlr than the a•• component beins meuured. 

4. MeosuretnflnlSystem PerfO/tiJJJIJitCf! 
SpecificotiDII& 

Same u Metl>nd 6C. Secliom U l!!roush u. 
5. ApPQmtw and F!eogents. 
5.1 Measurem.ant System. My 

measurement~yetam for 0. or COt thai 
meets the specificationa of tbia metMd.. A acbematic or an acceptable meaeuremetll 
system il ahown in Figure GC-1 of We\hod 6C The easenlial components or the 
measurement aystem are described below: 

5.1.1 Semple Probe. A look-free probe. of sufficienl length lo ltavenae the ~ pointa. 
5.1.2 Semple UnL Tubins. oo ""-" the aample aaa from the probe Ia the 11Nii$1ure removal system. A healed sample liae is not 

required for systems that measure die 0, or COs concenlratiort on a dry basi&. or 
1nansport ell)' gaoe:a. 

5.1.3 S.mpJe Transport Line. Calibnuion Value Assembly. Moistu.re Removal System. Particulate Fiher. Sample Pump.~ Flow Rate ControL Sample Cas Man.ifold.. and Data Recorder. Same au Method ec. SectiGas S.l.3 throuah 5.U. aDd 5.1.11. excopl thai doe requirements to use atainless sleet. Tei'km.. and nonreactive glasa fillers do not.ay. 5.1.4 C..s Analyzer. An analyzer 10 
determine continuowtly lhe 0, w CO. 
concentration in the sample gas sliU!iL The analyzer shall meet the applicable 
performance specifications ofSeeticm 4. A 
meaft!ll ol controlliq the analyzer l'l:!:r.v rata 

and a device for determining proper sample now rale1e-s .. preeillion rotameter. preuure sauffe downstream of afl flow controls. etc.J aha II be provided at lhe analyzer. The 
requirementa ror meaeuring and conlrolling the analyzer flow rate ana not applicable if 
data are presented tba1 demonstrate the analyaer i&IRMMHI¥e.&o Oow~tiona.ev.er the range encou.J1"tered dunng lhe1elt. 

5..1 Calibrouon C.-. The wbnuoo s•,.. lor CO, 1111&1-llh.oU be CO. 1111>1, or CO, in air. Allom&livel,)f, CO,f.SO,..O,/SO.. or O..fCO,/SO. a•s.roilLilw& inN, may be used. Three callbratiaft pses..as apecifutd S..:lion U.l lhrnugh u.3 ofl.lethod 6C. shall be used. For 0, monitors that caMot analyze zero aaa. a calibration sas· conoentralion equivalent to less then 10 percent of !he span maybe used in place of zero gu. s. Meosuremenl Sj•stem Performance Test Procedulft. 
Perform the·followilillg procedures -before measuret'MI'ftt ofwninlona (Section 1}. 
6.1 Calibrotioft 'Concemroiion 

Verification. Follow Sect6oni5.1 ofM~hod 6C. except if calibration gau anmly&iB ie required. uae Method 3 and.change1he acceptance aitma ior•gretm~ent among 
Mf'thod 3 results to'S pei"Cent·jor-O.Zpercent by volume. whichever·ia·greaterJ. 

IU Interference Reaponee. Conduct an interference response teat of tbe analyzer 
prior to its initial use in the field. Thereafter. recheck the measurement system if-changes are made in lhe instrumentation that ·could 
it Iter the interference respanse~e.g.. changes in the type.of gas.detector) . .COnduct abe interference reaponae in.sccordenoe with S..:lion 5.4 of Method .211. 

6.3 Measurement SystemPrepuralion. Analyzer Ca..libraHon Error. and Sampling System Bia.a Chedt.f'ulJow Sectio.as-6.2. 
throuah llA of Method 6C. 

7. Emission Test Pl'OCIHiute. 
7.1 S.lecu ... of Semptina Silo ond S..mpling Points. Select a measuremeo.t.aite and sampling points u.sins the a-a.me crilaria that are applicable to testa perfonned usioj Method 3. 
7.2 Sample Colleclion.Poaition the sampling probe at the first mesaurement 

pomL and begin sampling at the 11ame rate a.a used during the sampling syatem bias check. Mamtain constant rate sampling {i.e .. :!:10 pe:unt) during the enUre run. The sampling time per· run aha II be the same as for tuta conducted UBing Merhod 3 plus twice the system response ume. For each run. use only those ·meusurrme-ma obtained after twice the response time or the meaaurement system has· elapsed to determine the average emuent concentnlltton. 
7 ..3 Zero and Calibration Drift Test. Follow Section 7.4 of Mothod 6C. 
II. Quality Contml Pl"tJCedures. 
The roliowin(! quelil~ control·procedures are recommended when the results of this method are used few an -emission rate 

ccnee11an factor. or exeeaa air delerminetion. The1ester should select one -of the followins optiOWI forvalidating measurement results: 
11.1 rr both a, and ca. ......... - . usiua Method 3A. the proeadures described in Seaion 4.4 or Method :3 should be follow-ed to validate the Ot rmd COr .measuRement results. 
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8.2 H only Ut -uJ urtelilau:reu Ullllft# Me-1noe1 JA. meuurements of the s.amp.Je atve-em CO, conc:entr&IIOn should be cbtauned m lhe 
sample b}'--pau vena daac:harge .us1ntl an ..Onuat or Fyrile analyzer •. or equJVaJenL Duphcate samples should be .ob1e1ned COoncw:J"em -wJth at le.aat one run. Avena~~te the duD.Iu::ate Orsat 
... Fynoe -lyoio .;....ns r ...... cf! ""'· \!oo . the il\fefllge co.-ualuee rm-compeMon with tbe O.meaaururnnftll'in aooordaftm' Wlth the proco<lu ... ~;, Section'il.4 of Metbnd I. 

8.8 If onlv ca. lo.....,eurod .. ins Method 3A. eoncurnm~ me~te of the Ample stream COt concentration ehould be obtained using an Oreat or-f'yriiOllllftalyMr ae 
deaeribed..ia .SK:ticm 8.2.. Fw eacb rvn. differances.grealer than O.S pret'eefil between 1M Mel hod 3J\ retulta and th.e 'ill\lenltlft -of thE duphcate Fvrite analysiu should ·be 

, investigated.. 
e. Emiseion OJ/culation. 
For ell CO. analyzlll'B. and for Os: analyzen that can be calibrated 'Wtth :ero gas. follow Section 8 of Method 6C. except exptfta ell conc:entratioDJaa percent, rather1han ppm. For 0. enaly:.eru that uae e low·level calibration 1a• in.place af a ·&eto gae. 

calculate the effluent aaa concentration uaina Equation 3A.-1. 

Eq. 31\-1 
where.: 
c_..,Efiluem gsa concmtratJOI'l. dry basia. percent. 
c_ ... Aetuel concernnrtfon of the upscale 

calibration aes. percent. 
C. a Actual concentration af' the low·leveJ calibration lJU. ~L 
C..•Average of initial end flnaJ eyatem 

calibration biae·check reeponueaJor the 
upscale calibration s••· percent. C.,..-A.verage or initial and final system 
C&libration bias check responses for the low.level gas. percent. 

C:.,. Average gai concentrl!l"lion indicated by the gas analyzer. dry basis. percent. 
10. BibliOf!FOphy. 
Same as bibliOIM'l'hy of Method 6C. 
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!le«ll"f"Kollt l-OA.s AN At. vsu roa Cu•o• Daox· 
IDIL 0JtYGIIJ'f. Excess Alll. UD Oav MOU.C· 
et.A.B ";1117acHT 

'""*"" ef t.l"'ade: D&IUIIIOI' ~ ~ 
ueta doe llllliDC eonstttuta mdon eat 117 r.u 
Envtnr 'l PratKtlaa N/;II!M:I. 

2.:!:.2 Condenser. A.n &ll'-eooled or •ater
eoole<t eonderuer. cr other eonden.ser that 
Will not remove 0 .. CO,. CO. and s,, may be 
used to remove exees.a moLStu.re 'llhleh 
vouJd. mterfere tntl\ the oper&Uon of the 
l)wnD and now met«. 

2.2.3 Valve. A needle valve i.t wed to 
adJust sample PI now rate. 

2.2.4 Pump. A leu-r ..... dl&~~hl"Acm·tYl>O 
pump, or equtv&Jent. is wed to tl"'.DSS>>rt. 
sample ps to the fleXIble bag. If!.st&JJ a 
SD'UIJJ SW'II r.a.aJc bet'VfH'Il the PWDD &Dd 
r&ta meter to eU.nunat.e U'le pu.J.s&tloa. effect 
of the d.iaph.ri.IJD pump on the .rou.tneter. 

2.2.5 Rate Meter. The rotameter. or 
eqwv&Jent rate meter. UHd shoUld be eapa.. 
blo ot meuurtnc nov fWI "' Wlthlzl = z -
cent of the selected Oo• l"&t8. A now l"&&ff 
ranse ol 500 to 1000 em'/IDlnll lllllsesto<l. 

2.2.8 l'le!dble Bq. lu37 IH.I<-r.... piUUe 
le.s. Tedl&r. Mylar. TefioiiJ or plaat» 
coated tJwnillum le.r. alum1111zod !lylul 
bar. or equJvtJent. h&vlnlr & eapoclty ..,... 
RlmU!n.t wtth the seleer.act nov l"&t8 &Dd. ume 

-/PROlE FUXIIU TUSING 
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4.1..'1 "- llle prollo Ill the ..-_ WIIJJ :LU Dr7 Mol-lot Wetrht O.tei'!IWIOo ~ w pe,...no:acw 01 Cht IU Chat iO UJe Up ot Cbe probe poejUOilocl ac Ule ...... :Jon. AD Onac IMlner or pynce tn>t com· If. - CO 11J' subcr&etlna Ult sum 01 t.bt pllnl poUR: :ourre Cllt amolilll I lilt. ;)raw a >UICioa ru anaiJ'OOf mu 110 IIHd. -t CO. and pereent 0. lroiD 100 per· -Pie lllCO Cbe ..,..,..,.. Por eiDISIIoa race 2.3.2 EmtHoa. Jlt&c.e corneuan hctor or ceat. CaiCUJ.att the drY molecul&r we~ebt u eorreetiaG t&~:tar ~oft. lmmedfate-:.- Air ~ All Orat o.oaiJ$o it>d'tt"c! iD Socllon U. 17 &D&IJWI Cbe sample. u ouCIInocl Ill Soc· ·r "'""' 110 -. Por low CO. <1- Chill <1.0 3.U .._. Clio aaalystl and c:alc:ulaeloa uons t.U anc1 4.1.5. lor pereent CO. or-· ,,.....,., or IUCil 0. <JN&COr Chac 11.0 -· pi'OM<IUnl UDUI tho i.adl1'1dual clr7 moloeu· eent 0. U ox- 1111 iO deltrocl. 11.-.cl u enu concenCAUcltDL the m.euurtnl buntta 1ar 1NilhU tor &a7 thrN &D&l.nll differ follows: <U tmm"'"'IJ a.aaJ,yze the ample • . r tho Onac ,._ bevo ac 1 .... 0.1 DtrMDt froiD Clltlr ....., bJ no mon ChaD 0.3 Ill· u ill -~~~ 4.1.4 1114 4.1.5. lor -t ubcllt'tiJOna. lOGie <0.3 111!11>-molol. Aven&o ell- r.bne co. 0.- CO; <21 c!ocorml.llo Clio -t· Dt-r llol«vlu -91\ De ·>~All moloeul&t wtirhU. 1114 repon Ulo -.Ita co ... ol Cllo IU Chac II H, bJ' IUbcn.ccllll Cllo . I CtriiU 
011 

Ult- 0.1 r/I·IDOIO <o.l lb/ll>-molol. S\1111 Ol Ulo -t CO. ~llt 0. aDd lllf· Anr ol tho Chroo ...,.pltnr 1114 anoJJUeol u Huiii-PoiDC. ... .._.... S&mollna &lld cent CO froiD 100 llfi'COilC: &lld <31 c:alc:ul&te >roeoc!uns deoalllo<l bolo• ..., 110 Ulocl far AnaiJ'Cic:al l'roctdun. pereem .- lilt u ouCIInocl ill Soc.- 1.2. 'ttel"llliNnr Cbe *7 moltc:ular •eirhC. 2.2.1 11...._ oehorwllt IDOCiflocl bJ' UJe U.4 Tll lllollro COIDIII- alltori>Uoa of u lllnrlo-PoiDL. Onl> S&mpllna 1114 AD- .~. co. o.. - It -Ucolllo. co. ma11o ,... I)'Clcol rr-..... Admll1tiUI&Or. a minimum of o(J!It cra•ene ~ - -· 3.1.1 TM ~ polllt ill tho clue& poillll allall bo llltc! fllr dreUI&r - =.~ ==11..=:":. ~ hall oi&ller bo • UJe celltroid of Cllt .,.. llaY!na cllallloU!rs lou ChaD 0.11 :11 <24 ill.!, a ...., •• So..al - <Chroo .., 1.,...1 aboUid ocUoa or ac a paiD& 110 .,._,. co Clio - llliiiiiDWil of olllolllall bo llltc! tar..........,.. 110 made - ,_...... <U t&llC l>&ll 1.00 m <U Ill. - 0 .......... - 1at - llaY!na oquiY&IODC dlamocora ... =c!•np ...,_ bo ollr.a.lllocl af1er r.bne-.ocl bJ' UJe AJ!mt loCi &CO&'. Chu Ul • 124 111.1. - & IIIIDiclllllll of NCUtlft ,_..,.,.. np1ae UJe - JOo 3.1..'1 lite liP Clio oqul-ont u IIIOWil ID tftiYt tn.nrso polllta lllall bo lllld I« all llltloll.l • ,IUfl :1-1. ........... all - --n. .......... polllr.a allall bo.... u.s Allor Clio -- Ia ........... .nnd of UJe ~ an u,bc &llc! I.U· <a&od - to Mot.bod I. TM 11M of I.U- lm•n•!atn'7l UJe 0nac &D&Intr :-eo. u aDd 0.... .....,._. II JMd. II II ,..... r .... OOlllll tl subJect co aooroY&I of t.bo .....,. &pill. u cloocrlbocl ill Soc.- s. Par ·mm011c!ocl UJac U.. &D&Intr bo 1- -· ·~- ·-·•-· co be nlld. Clio ~- bJ' to-.: UJe p.-un ill See- 2.2.3 PoUow Clio procedure~ ouCIInod ill Ult ...no of - --·.on •· bo-. ·~ 1-~ -~~ II -·•--·• 0.... -"'- llllll& - 11111 
ltU: -~ -··- - -~- •• w~ - 1.2.2 Chroqht 3.U. txetDC for Ult bofnrt- atcer UJe lli&IJIIa. 3.1..'1 Pla<e U.. probe ill tilt 11U1:k. wttll tollowiDC: cn•erso all samollna poillr.a &llc! llo Up of Ulo - poejtlollocl a& Clio -· AmPle ac oaell poillt for .., eQU&IIIIllt.IJ of Hon: IInce IJJII llnllo-DOiiiC. tlnll _. 'llna IIOlllt: P ...... - -Dilna liDo. Draw a time. Jlocorc! amc>llna data U IIIOWII Ill Pllna &lld aaaiJ'IIcol proeedure Ill ..........,. &mlllt illco Clio _.,.... &lld bnmecll&CelJ cond- 1D ooaJIIDCIIOG WIIJJ a llillllo-- IC fllr- CO. &lld -t 0.. Pllllfl:l-a. poiiiC. 11"&11 samPilna - ~ -)tcormJDo Ult _.... of Ulo IU Chac II 4. - blo Conwoeloll r~~~:ttw or dun 10&' a JIO)Iut&I>C. oil))' oao Ulloi1W Ia ar-f, aDd CO b~ _., lilt 11101 of Clio -.ell< Dt-....ICOII 411>&:117 - ThlrtfOrt. 1"&1 .... ooernm CO. - -• 0. !rom 100 _.. muse bo taUil co- a ..Ud -ole aDd ..," Cai<UI&Ce Clio c1r7 1110.......,. wo(J!It u Hem: A PJrtto-tJ'III eombllltlnll IU ...,.. &D&IJIIL AICIIoUCII ill - - ~ co, >cttcatod ~~~-u .,_. 11 110t .... Ptablo tor exeea lilt.., llllta- or 0. 11 nQUlnc!. 11 11 I'I<OIDID.,_ UJac 3.u .._. u.. -Iiiii. lli&IJIIa. - - race .......Unn taecor docormlii&CI- both co,- o, bo IIIIUUflld. &lld 1JJac S.C. - PI - llllUI UJe <lrJ mol... ""'- IOPfOYocl bJ' Clio Adlllllllltr&C<. U uon u bo lllld to Y&ll4acl Cllo &D&I)'Clcol .tar ft(J!Ir.a of ...,. Clint 11"&11 Amol• botll -'CO. Ulc! pereenc 0. an .,._ ci&CL Jlfer !rom lllotr - I!~ ~J!!~n llla!!.Y urt4. UJe an&l1tlcal-.Jr.a or lilT of UJe u SIDIII"Poillc. Ill~ SAmllllna 'I·IDOie 10.J IIIIIIHIIolel. Anrap ell- Clint ptOotdureo JIIYell IIOlow 111&7 aloo bo and ADa1J11C1,1 "-dun. .,.. molec:lllac -c.r.a. &lld npon Clio ro- .- tar eaiCulaUill UJe clr7 IDOitlcW&r 4.2.1 Tbo amPIIM OOIDC Ill UJe duel .111.1 co UJe - 0.1 rtr·mole <111111>- n1111t. shall 110 _.... u speeU!oe!ill s.cuoa t.LL 10&el. Each ot till' three Proeedu.r. below lhaU ~---U2-----1A!r.-eh.ee:t-f••n.t·•orr1---tbe-...ftez!.. -U-~---~ -&mllllna -lilliiiil Cllil7Whlll-~ ill&ll ·awu.ailie bit btl u IIISecCIGII 2.2.1.11te UD ChtOQ~ .llc! Anal~Wa~- IOibiJan of tllo ICUiclarc!L 'nit 11M Of IJJ- 1111111 U - ill ........ :1-1. J- - CO 3.2.1 TM ••11'1"1 poillc ill Cllo ducC -uno tor OCIIer 0...- llllll& b&YO samolllll. ._.-ellock <manci&C01'7l Ule tn111 :tall bo - MII>ICiflocl ill Ste11011 :U.L S00C1f1c prtor aooroY&I of Cht AdmlD.IIU&Car. bJ' olAcllllr a ft<\lWil - ac tho c:oode.,... 3.2.2 lcoak- <.,UUnall UJo Oulllle IIllo<. IIUIIIDc a ft<\lWil of a 1- zao """ Ill .. u Ill SecCIGII 2.2.1. lite liP Cllt equip. 4.1 ....... PoiiiC. Onl> S&mollna &lld AD· <IO ill.~~~~ lllllftllll Clio ouUot &C Cllt QWd< ,..,, u lllo- Ill Plnrt :1-Z. JIIIC ortor to ai1IIMJ ,.,_,._ dt.=lliiOCC. - Chm ~ ott Cllt pump. >molilll. lnl!:- <opUonail Ult tnliiiiJ' 4.1.1 Tbo Amollna point ill tho ducc n.. -..umlllall nmalll#&blo tor "' •-ladlll a ....,...... - o& Cllc 0011- allall ott.bor bo u Cht centroid of tho c:raa- 0.1 fllll:lute. - Cllo lloltiblt ~>q. Cnn-1lt<. INIIIZ1C a .....,..... of ac ._ 310 - - or a& a polllc no eloaor to the walla neec Cllo - - Platt iC 111 UJe ..-. :, uo 111. ~~~~ ph ohlf UJe ouCloC ac UJo Chu 1.00 • <U Ill. IIIli- oehorwllt -· wtt.IJ Cbe Clp of Cbe - poejUonocl ac UJe \licit clllcomiOCC. aDd t.blll Curoilll aU Clio lite! IIJ' Clio Ad~Bln~otratof. samPilna PGIIIC: - Cllo ....,p~~q llno. wzap. 'Ibo -..-mould remalll#&blolor t.U lee 1111 Clio oqlllpmenc u 111ow11 111 Next. .....,_ UJe baf 1114 ......,. ...,.. lilaC : 1- O.S lllllllll&. Jlncii&Ct Cllo 0- Pllllfl :1-L Dl&klnJ sun all oonnoctlons all-- an u,IIC &llc!l.U tree. ... eo....eec Clio - ..,.. olae I& Ill till alloo4 ot till &IIIJ1Wir an upc - I.U· 4.2.3 SamDit "' • ..,.......,, ...._ "" .. :.a.ek. wttb Uw U., ol tile PI'Otte PDiltkiDid "fne.lak-cbact tht Orat a.nal,_,.&ccofd.. 1~1 .,., Ill tbe tctm!nfrtra&or. Tbe &Ill• t Cht aampllna PGillt: Plll'll Cllo =-• lllf co Clio -..,. -bod Ill s.cuon 5. Pllna nm - bo llmult&Deoua WiCIL &llc! no. Next. ..,,_ Ult btl &lld .,... 111ft Tlllll--ebedt 11 mandatorr. for UJe- tot&l leolll or Clmt u. t.bo DOl· ,., all eonn.ecuoao an Ulht &lldl.U tne. luWlt -~~ race dt........,.tlon. Collec< J.2.3 Samoleacaeo......,t nr.co. n.- F-3 3 S."O'UHO AATI DATA ac •- 30 ucoro 11.00 It'! of J&111Dlt ru. .lftr run •MIIId 11e llmlllt&Deoua wtCII. - Smaller oolucor mu bo eolloeCOd. subJtc< )t the same totalleDCth of ume u. Cl'.lt pol- r.. 1 ,...,... tl 1 o ,... '.... to appi'OY&I ot U:lt Admi1111tr'&tor • . ta.nt eausaion rue determJ.n&Uoa.. Collee- 4.2.4 ObC&iD. oae in~ Que IU .:.n of ac leut 30 uc.n < 1.00 ft., of samo1t S&IDPlt dUnlll HCJl pollutant emJslioa raw u Ll recommended: however, sm&Uit .Yol· detemstnr"M Por emJslioll rue correc:ttoft ,.. .. mu be eoUteted. It dellre<t. factor c!tCermlllaUoll .....,... UJe sam lilt 3.2.4 Obtalll - ill ..... tocl Out IU WIUIIn 4 bours attor IC II taltell lllr pereellC ..mDll dW'inl et.eb poUUtant tmialOD rue CO. 01"' Pft'CIGl 0, (U OU.tl!Ded 1D SecUom •toi"JJWW&C!Dn. wtCIIID 1 hours ateor Cbe t.:LI CllroiiCll 4.2. Tl. The Orsac anai1Ur lolii.Pit ll u.un. aDIIlJV It ror percent CO. m.un be teu~ec:t csee Sectton Sl ~on ,d oernnc o • ......, olthor an orsac analn- -·-- ~1-· -- the anaJJii&. U exeeoo au tl c!e51n!d. prcctocl - or a FYnte-type combwUon ru llWYZtJ'. u toUOWE c lJ WlthiD 4 bo\lll &ttar the &n Onat ana.i.JZ:I!I' 1.1 used. It ll reeona• •"\ 0...•10-Q.J/0.. lC tDD I.._ De <! 10'!11!) 5&ZDQJe 11 t&UIL l.ll&b'la It CU lD SecUoa. .endocl tii&C tile Onat leLII-checlt deocrlbtd 4.2.1 Chrolllb UTI lor -• CO. 0. Uld 1 Socclon s 110 pertormocl botoro tllll decor· CO: <21 ..........,, Cllt lltr<entacw of tho ru ~uon: bo•ent'~ the check Ll optionaL th&c 1.1 K, 111 subU"acdZZI th• swa of the per

eonc CO. -• 0.. and perconc CO from 100 percmc; IJl c:a1cu1act porconc oxcesa ...-. 
u ouCIInociiB Stclloll 1.2. 

EPA ITATICIWIY SOURCE l.u.LINII NETHOOI 
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4.2.$ To tmUn ecmplete abaonruon of 
the CO.. o .. or ll appucaale. CO. :nue rev 
"te&te<i puaes ~I'U'Oucn ea.cn ab&Ortun• solu

on u.nuJ ~"irr conaecuuve ree.dJ.nP an the 
..me. Seven.l pUMS 1 tl'U"N or four J should 

oe m.Uut bet'lreeD ree.dJ.niL I It const.a.nt 
read.J.nl:l c::a.c.not be obt&I.Ded alter three eon· 
H<"Uttve l"H41nP. replete the &Dson:nns so
tuuon.J 

4.2.8 Re1)1Kt the a.n.aJ.ysta unt11 tl'l.e folo 
to'il'tns c:nter..a are mec 

4.2.8.1 P"'r percent CO,, repeat the &nrt.· 

lytlea.l procedure untU the result.!i of any 
three IILn&lY"See differ bY no more that la.J 0.3 
percent. b7 V"Cll.I.EDe when CO, Ul crea.ter tha.n 
4..0 percent or nu 0.2 percent bJ' volume 
when CO, 1.1 lesa th&ll or equal to 4.0 per· 
cent.. Avel"''lWe the three aceepta.b1e values of 
percent. CO. and repon the muJta to Ute 
nn..f"'eelt 0.1 percent. 

4.2.6.2 Par percent. 0.. repeat the &l'llllY'ti· 
ea1 pt'QC'edu.n untU the resu.lta of &111 three 
~ cii.Uer by no more tlw'1 (&J 0..3 per· 
cent bJ YOlume when 0. Ill tesa tb.II.D 11.0 
pereeJU or cbJ 0.2 percent by volumt when 
0. La srnter th&n or ecau&! t.o U.O pereent. 
Avef'ILC& the tht'H acceot&ble n.lues of per. 
cent 0. o.nca report the reaultll ta the nee.rest 
u.....-v.. 

4.2.U PW poreen1 co. ,.,_.. t11o ....,.. 
1~ p-ure unW r.h4 ...WI& of Ul7 
t.hree &.D&I.J'8M cW'fer by no more r.h.an 0.3 
percent. An:n.se tbl three a.o:eDta.ble 
va.lues of percent CO a.nd reoon the results 
to t.be ~ 0.1 pereea.t. 

4.2. 1 Aft. tho UlOiysjs Ia """"letecl. 
leU:-c- <m&ndato1"71 tho em.& ~ 
"""" apm. u dooc:r1lled irl Seetlool s. Par 
U>o r•Nito of the &n&lY1lO to lie valld. Ulo 
a... &DLI,-zer .,.,.. l>UI tl1lll leo& toot 
llefo"' "" a.n.u tho anai)'SIL 

Non: Altllcu&l> lD - illltaDeell Onl7 
-"0. .... 0. .. ro<!UiA<I. 11 ill .... .....~eel 
thAt- CO. Uld 0. bo m.-. 111111 ttl&& 

-4.0.1 bo-10 

- 1M oaai:rtl<&l do&&. 
U Multi·Polllt. !D ......... ,.mplq oM 

~-Ul lloC.Il r.h4 -- nwUol'of....,. 
llllDS poiDU ami t.be l&llli>llDa poifltloc!W"" 
llllall be 111 _.ulec! ID - U.i of tlllll 
methDcl. Tl>e ""' of ,..,,., pointa ,_ -· 
fled 111 lilll>Jeet 10 t.be &DC~roval of lbo AdiDlJ>o 
lstr&tal"-

4.3..2 li'I>U.W t.be proeetl"""' - Ill 
Seetl...,. 4-:U tl1rous!l 4.U. """""' lor r.h4 
IOU"'"- Tra•oroo &11 ...,DUllS ~ oM 
.......... && - 11011:1& let ... oquolloi!Cih "' 
limit. - """'1>111111 do&A .. - 1111 ll'llureW.. . 

4.6 Qullt7 c:...trol-
6-4.1 Dam Vo.U- 1ll'lla illoCII CO. 

aacl 0. Are 11«.........._ Altllous!IID- 11>
SC&DCel.. oalJ" c;o. • 011 -=·=== Ill! fSo 
~ lt U I"?'M'mm 1 nd ella& 1ioCll CO. 
ondO.be-ta-*•- ... 
tho quallt7 at t.be dala. Tilo toUoeq q\101-
ltJ CODUOI _.two ill.....-_ 

Non: Sll>olt r.h4-!Of~ r.h4 
CO, IIDCI 0. ~ 11-"" '"""'"'"'!"" 
of o- aacl !CIOOII llie1B !Uid - of 

- ..... - 1111.11 llllr. !lllli - -not Oi>IIU to ..,....,.. um Ill ,_.. C:O. 0111 

0. ~ p.-othefllwl
u.... 121 - 0. IO.S.. ""111"" _, 

- No lD -n!OIIII diU--t!lo& of 
o!r, 131 1l4loll CO, lo.C.. -· "' lll!lo kiJDOI, 
r 141 ~:>&•• ..,fuel!-. P.--. 
1>1e <e.s- a..-.-ll' - - OLIX· 

......... Tblli ..-...! -ll!op.....,.,_ of CO. ODd 0. '"' ll!o luol17118o "'"UUI __ ,.._SOIIIIIIO_ 
ll4la> -- , ..... - ....... "' -~ -~ 'l"ba ~Is •W'"Me 

for !&mPles eoUected do'llff'l.llt.rn.m of moat. 
llme or ltmest.one nuevru ctuuJfUJ"1Z&tiOn 
un1t.s u the COt a.d.ded or removH from the 
a:u suee.m 1.8 not SlifJU/Ica.nt m. rela.uon to 
the tota.l COt coneentratton. The COt eon· 
eentnttona rrom other types of scrubben 
uJnns onlY w1t.ter or butc ~dum ea.n be sttr· 
n1t1em.ntlY &Jtected &nd would render the P. 
cnee& muumallY useful. 

4.4.1.1 C&JcuJaLe a fuel factor. f.,. WILflC 
the followms equa.tlon.: 

E<!. 3-3 
Where: 

20.9 -•,o, 

"•Ov ... Percent 0, bY volume (d.f'1 b&Sl:ll. 
C:V,CO. ... Percent co, bY volume <drY b&&UIIl. 
20.9-Pereent Ot by volume ill a.mbtenr. aJ.r. 
U CO ls present. ln Qua.nttttes meuu.t"'&ble bY 
thiS method.. a.d.Juat the 0. uui COt va.l\1611 
before perfoi'D'litla the ca.lcUJ.&t101l for P. u 
foUovua: 

'!'oCO.U4Jla'!',C0.+'11oCO 

%0.<o4.1l·~-U %CO 
Whero: ..,COal'en:elU CO 1>7 volume ldlT 

'bUUII). 
4'.4:.1.2 Compare the ca1culaud F. fa.etor 

wtth the expec:r.K P 0 wJues. Tbe foUO'If'lnl 
l.&lllo may t>e UH<Illl eotal>llahlllC ...:eptable 
ranreo for tho oxoecte<l P, If U>o fuol t>ems 
l>umed ill lwoW11. Wbou fuels ""' bunled Ill 
eomblD&Uoa.. calculate the eombt!l.ed fUel Jl', 
Mcl P, factoro cu delllled Ill Me<had It>..,. 
eonllDa to tho proeetl"" irl Method 19 Soe
UOft s.:u. Th811 c:aJt:uloU tho II', f!ldm u 
follotrlil: 

c.. 

CO: --

O.:IM II', 
11'--• l!', 

.... _ _ ... _ 
llbTnsm ------

··-
U1a..l.131 
t.IJII3.o1.D 

, .... 1.411 
t.I1 ... 1.37S 

,.....,,_. 
t.OG-t.JMIIIII 
1. .... 1 .. 
1.!JIIG..t.tll 
1.-..t.tlll 

~ P. values be)'Oftd the~ 
blo ransoo silo""' Ill thllltablo !illould lie 11>
vooUp&oc~ l>o!o"' - Ule - .-11& 
Par Oll&IDIIIO. tho omtiSi.ll of lbe SG!UtiOm 

In lho eras &na~n•rr !Yl4 r.h4 ~ tocl>
niQuo should 1>0 el'l- 117 sompU..S """ 
&.I'UIJ)I'I.ine Ill. lulOVD COfteel'ltra&toa. aue.b Ill 
lUI": the fuel factor should be 111"'1ewed uatr 
verified. An &<COPI&IIIIIIJ ....,.. ol ::12 _. 
cent is a.gpropri:wt fer the fl. f~Cte~r' a1 
lnil<ed luoll wtth vo.rl&l!lo fuel rat1110- Tilo 
level oi' the em.l.aica ra&e rela.Uve to t.114t 
eom.pl.i&nee level shouJ.d be- eons:tdereci I.D q.. 
tef'l!l.ir11Dc if a retest il &DProurw:.e. u_ 11 
the meuured emtaaona an muc.b Hili' or 

""'"li -- thUl - """"'- llalt. ...-ua .. of tho- would not~~ 
•"- tho eomp~W>c~~ &ta&uo of 11>o ......,. 
w wau.lci t» nnr '111 ""'· eG¥""""' ---F'PA qT6.T1 F-7 3 il'CIE !!IAJ4P\.INO JETHODS 

S. l..ea.Ji:-OWek Pf'fXtdui'1P for 01"i1G.l A 11elfl.rfl'i 

~ovtr.r a.n Orsat a.naJvzer !reQuenuy 
cawes 1t :o lea.JL therefore. an Ol"'!at a.n&· 
IY'Ur should bet throusn.lY leU<I'\ecceG on 
sate before the nue su sample UJ Lntro<lucecl 
U'itO tt. The proce-dure tor leU-checEJ.ns a.a 
Ona: an&.lner :a: 

S.l.l Snns the liQuJd level m ea.c:h Pt· 
;~et;.e ug to the reterenee mulf. on ~n.e eaDtl· 
1&1'7 tutnns and then etose the ')IDette SLOP. 
eocJL 

5.1.2 Ra.lM the levellnc bulb suftlctenUY 
to bnntr the eoa.fl.n1nc l!qutd tne.n.YJCUII ontO 
the gn,c~u&t.ed pontoo of the burette &Dd 
theo elON the I'DANlold stoprcoc!L 

5.1.3 Recore the meruxua gos1tJon. 
5.1.4 Observe the meruc:Wll w the burette 

l.lld the Uquic:l level in the PIC>e"te for move
ment over the next 4 nu.nutes. 

5.1.5 For the Onat a.naJ.yzer to Pua the 
let..ll-checL two eondJUonsmust be meL 

5.1.5.1 Tbo Uquld lovol In oaeh PIP&t.,. 
"'""" not 1&11 llololr lbe t>ottom of tho caoU· 
1U7 tul>lq clurilllr tl1lll 4-mlnllto llltornl. 

U.S.2 Tbo men!ocUa Ill U>o 1>,..._ must 
""' cbaD8"0 1>7 ....... llw1 0.2 ml 4uz1DS tlllll 
4-mlnuto !Dtornl. 

s.u U 1M fll1&i1w' f&llli tho letLI<-cheel< 
pi'OCIIduro, &II rubllor eoiiDOCttona ami stoP. 
- !illoulcl be clled<ed w>W r.h4 csuao o! 
U>o 1- Ia ldeJ>UIIod. Leti.IWIS stopcocU 
mua be dlaep•mDJecl. cleuaect. &Dd No 

snuec1. Leti.IWIS rubber coD.I:IeedoD!I .,..,.. 
lie roola<ed. Alter U>o oaalysor Ia .........,.. 

l>lod. U>e 1--cheel< prceed"" ""'"' lie ro
poa&od. 

e. c--
u. ll'omOI>CiatUro. 

.l(,mE)ey IDOieeu1&r vot&bt. 1/C.....,lO 1111/U.. 
IIIOle~ 

~EA--t-o!r. 
'iloCOo•ll'vreollt CO, 117 90IWBO <dlT -l. 

~--& 0. "' 90hlm0 ldlT -·· 
lfoCO•-Dt CO 117 VOlWIIO ldlT -·· 
IJUf,aPvceat lfo.,. YOIWU <clr7 buill), 
D.:IMaRa&la of 0. to Nola olr. •to. 
O.:llllaKoloeulu 'INI<IIIt of N, or CO. c1101cl· 

eel 117 100. 
0.2211-Koi-Jiar 'INI<IIIt of 0. ci!Yido<l 117 

1011-
MOOaKol- 'INI<IIIt of CO. cll1'ldo<l 117 

100 • 

U -·- AJz. C&IA:ula&o tho -· CI!Dt 811CIIilll &lr Uf IIOPUC:able>. b7 NbsUtU&· 

IDS r.h4 _..,.._ vaiUOII of pom!ln 0. 
00. 111.114 lfo (ellt:f''ned from· SectiOD 4.1.3 Cl" 

U4llmo ~ 3-1. 

1!,li:Aa 

" 100 
0.2M'ilo No • 1fe0.-U 'i!; COl 

E<!uattoa 3-1 

tfon: The eQ.ua&iol'i aboVct UINJZU!S that 
..,_, o1r Is UOO!i .. r.h4 SGW<G of 0. ami 

thAt l.llo fuel - - eouum ~III""Odalilo 
l.l!tiQ!!i.JZita of Nu (U do eolte 01'1111 or bi.U1; fw· 
DaCifl p&el). Por &!~GiG CMell 'llbeD 1.1)~ 

l>le ""'"""'"of N, uo p.....,t 1-'. 011. ami 
noauni 11M !lo - eootam ~Preelalilo 
&IDGW3ta of M',l • wbea oxnreo 1!111d:lmat Ill- o.!lerwlh- --to .. 
l>nMIIol tho-··..., roqulnd. 

IIJI Dr7 MoloeWu Wotsht. u .. E<!uat1011 
3-2 Ill>~ t.be dt7 ... 1-'""lllll' o! 
r.h4..- .... 
.l(,aU401'1!.<:o.I+U:!IM~I+ 

O.:!IMII'J!,N,+'!!.COl 
EQU&tloa 3-2 



Non: The &llo'rt eqii&Uoa - noc colllld· 
tr U'lllll Ill tAr l&boul o.t llfi"CCDI. IIIOIICII· 
l&ll .. ~& at U.Tl. A -'IYI .....,.. at 
&lloUI 0.4 porceal II llllnlducod. Tilt -
...., ODI 10 IDclude ....... Ill 1111 111&11111 
ualllr D~ NbJICl 10 Oi>Dronl ot lilt 
Admlnl~Ua&or. 

T • .JJIIIf4VNp/lr 
L Alt.allullar. A.. P. sco....,. of o .... and 

V-rs Ill l'lullc a,. lnctm&Uonal Jour
nal at A1t and W&Ctr PoUullon. I:'IWL 
Ita. 

Z. CollDu. 'lt1lll&ao D. and J. I. l'ftdtr. Alt 
StmpU... wtlll Plutlct a,. Journal of lilt 
AmtricaD 1Ddu.IU1&1 Jl.njcl.t A••o:teuoa.. 
ZUII-21'1. 1114. 

Z. llwnU Manual for Ou AD&l7IU, s... 
mill adllloa. lutnU Corllol'ltlon. 2221 
Plftll A-ue.I'H&tbutltl. PL 11211. !NL 

.. KJiclltll; ... J. &1111 JC. .. Kldllft. Pltld 
Raii&Otllt7 ot lilt Orsac Aaa17vr. Joumal ot Alt PoUulloa Coatroi -.cion Zf:411· 
US. M&JIHI. 

S. Shlnh&ra. ll. T. ll. JC. Naullclll. and w. a. SmiUL v~ Orst& AnaJJila Da&& from ._. Pual-Pind Ontta. s~ Stm
PIJ.nc l'fnra. IUI:JI-21. AIIIUII. 111"71. 

EPA ITATIONARY ICI.RCE SA/oPI.lNO ,..;THQOs 
~•a• 3·' REV 2 1111 
F-74 



EPA METHOD 5 
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Wl:'nl:oa s-~~~.noM or PART'!etn.Aft 
b:IUJons ho111 SrAnonuv Soncu 

1. Prua.c•P>U ana: AntlU:eb'ilitr 
1.1 Pru:i.CJDle. PvtJeul&te m&tt.ef 1.111 With· 

Cin. V"f1 I.IOtwleUcaJ.ly from. the source and 
eoueeua on a rlu& fiber tlltar m&Jnt&Lned 
at a r.emz::,eratun 1n the n.nse of 120:14' C 
1248:2.5' P'l or such .other temperature a.s 
.sl)ed.fiecl by IW appUc:a.ble IUbD&.n of the 
sta.nd.l..r'Qs Of &DDf'OYed bY Aelm!n1IU'ator, 
U.S. E:nvtrOnmenL&J. ProtectiOn Aaenc)'. tor 
a pa.rtjeula.r &DDlle&Uon. The D&niculal.e 
maa. whJeh includes any maten&J that ~n· 
denaes at or above the tutra.uon tempera
ture. II: dewnruned sn\'l.metnca.UY &Iter re

.monJ of u.neombtned wau.er. 
1.2 Api>llcabUtcr. This method 11 a.ppllca· 

ble for t.be determln&Uon of pa.n.icular.e 
eml.salo.na from stationary &OUI"Ceii. 

2. APJN~.f'll.tllrl 
:1.1 S&m!>UDs Tn!n. A schem&tlc ol the 

aampltrl4 EniiD IIMd In this method Is mown 
Ill I"'Bw1t 11-1. Complete eonmveuon det&lls 
an ... .,., In APT'D-4581 (CIWioil 2 In Blbll· 
ocrrapb.yr. commerdal models of t.hJs: tra1n 
on &lao avo.Uablo.l'or ch&nreo from APTrl-
0511 ODd for allowal:lle modl!lelltlons of tho 
tnln aho...., 1z> l"'surell-1. ooe thelon...mc 
&UbMcUODL 

TM ~ &Dd ID&Inte!WICO p.....,. 
d"""' lor the aampliDS tnJn are deocrlbod Ill 
Al"'''D-43nG (CII&tloa 3 In IIR>Ilotra~>hll'l. 
I!IDoe cornet ..._. Is lsoPOfl&llt Ill oew..
lne - """-~~'"' all ...... ehO\IId read 
AP"''1).4818 &ad - ll1e - &Del '"''"tm•nae J',ti'OeedW"'t111 out.UDed I:D tt. 
UDI- clb..-..tse --=tflod b....U.. Tho ..,.. 
Pllne ....m eollllotl of !.be lolloviDa compo. 

""""" 

IIEIIliiSHYPE 
1'11'111' 'I'UH 

2.1.1 Probe Sozzle. SUJ.n..lesa steel •llGl 
or sla.u wttl'\ sh!Lt'P. tagere<l :eadllll e-d;&. 
The a.na!e of taper sb&Jl IMt c;W a.nd the 
tager shiLll be on the outside :a preserve & 
con.sta.nt tntem&J d..la.meter. "!'!le ::~robe 
n01%.1e shaJ..l ~ ol the ~utton-noo~~; or e:bow 
des1cn. unJeg otnerwi.Se specllie-d. br tn.e Ad· 
rwnutrator. lf made oC st&.ll'l.lesa steel. :he 
no:z.le sha.ll IMt constructed from sea.mleu 
tubi.nlii. other maten&J.s of con.strucuon :nay 
be use<1. subJect to the aQJ)roVIJ ot the Me 
mJ.nistrator. 

A ranee of noz:z.le sW!S .swta.ble for tsokJ.n
eue samgllrur shoUld be aviUJa.ble. e.rr .. 0.32 
to 1.21 em. < ~ to "'t ill.. l-Ot la.rwer Lf h1sher 
volume sa.mpl1nJ tra.ina ue used-iwnde CU· 
a.meter <IOl nozzles in lncrements of 0.18 c:m 
< ¥1 • m. ). Ea.ch no:z.le shall be callbratecl ac· 
corcU.nc to the proce-dures outJJ.ned: 1D See· 
t1on 5. 

2.1.2 Protle Liner. Borooillc:ate or Q.....,. 
clua tubl.ti.C W'tth a hea.tlnl syat.em capableo 
of m.a.i.Dt.aJ.ni.ll.S & su temperature && the a1t 
end durlr1S sampUDs of 120:W C t241:o:2:1•· 
Pl. or sueb. oc.ber temperature 111 speei.fled 
by o.n Ol)pUc:al>l• subpan of !.be standarde oo 
approved by the Adm1n.!.lltrator tor a par.. 
tlcul&r ar>PIIe&tlon. !The t.eoter ID&J' opt to 
operate the equipment && a ~ 
lower thAD that ._utoc!.l Slz>ca the IICtUIBI 
temperatu.nt a.t the outlet of the probe Ill 
no• ~ moD.!toncl dur!DS I&IDPIID& 
probes eona=ctocl &CCOI'IIllla to A.P'I'D-4581 
&Del utUlli:IDS t11o coJJI>nUOG .......,. ot 
~18 tor callbrated accol'llllla to ll1e 
croeedunt outiiDod In ~111 Will 11e 
COl>lldencl accect&ble. 

Pr 
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Either tKJrOsllicate or qua.ru 1111&8 'roo.e 
linen ma.r be used ror staclil tem~:>en.ture-s 
up to a.cout 4i&O" C 1900• P1 qua.ru .:ners 
sna.U be used for tem.penuuns bet...,e-en dO 
a.na soo· c ntoo a.nd LI!ISO' Fl. Sotn :y-pes or 
:1nen ma.r be ~e<t at l'uaher temperat~f'H 
tna.n sgect!Jed for snort penod.a of u.me. suD
Ject to tl'le &Dprova.l of the A.dnunu:tntor . 
The softeru.n¢ temperature tor boroathcate 
" 820' c c uoa· 1">. ana tor qua= " .. uoo· c 12.732" l"l. 

Whenever pruUca.L evef"Y etfon should 
be m.a.de to use boroa1Uca&e or QullUU 11&1111 
proce ltners. Altema.t.lveJr. raeta.l linen 
ce.c .. 318 swn.leu steet. lncoloy W.l or 
othtU' eorros1on retl.lt&Dt meu.ll 1 nu.cle ot 
sea.m.leu tubU'll may be used. !UDJeet to the 
a.pprav&J. of the Ad.mmi.sU'autr. 

:I.U PilOt Tulle. Tn>e s. aa deocnbod tn 
Secclaa :1.1 of Method :1. or otllor - ..,. 
pro- bf tho~. The pltoe tube 
lhaJl be aua.ehad to the probe (U abcnvm w 
FiSW'e J...l) to allow COIIIt.&Dt m.onit.onq O( 
tho a!Kk """ VOIOCICJ. The la:lpoct thilll 
pnsrsunJ openina plane of the pitot tube 
sb.a.ll be nen wtth or &bon the nome mtfy 
pl&De """ Motbocl Z. PIIIIU'O 2-ibl !lunnl 
..... Puns. TM Tnle 8 Pltot lUIIe -bly 
s.ba1l have a k:D.OW'Il eoeffldem.. detei'DWled 
ao outiiDod In II«CCoa 4 or Mothod 2. 

•Yeutkm of tra.de IW'Ilea or speeUle prod
.,.. cloee - constitute --117 the 
EDYiro...,...,tal Protection AaoneF. 



2.U Oloa S...~lt Storan Conwnon. U.t DtffotHtl& Preslun Oaucw. In• - U & determiftatlon ol tho ~Olti<U• Ch......Uy reiiiWIC. bo!'OIIIIC.et rJa. bot· 
eUDect ma.nomettr or e:auJ~!mc devtce !Me~BMWr collected_ U:!. the tmPmttn ~.a d• lies. fOI' acetone wuha SOO m1 or 1000 all. 
, nrol u Gelcntted in Stctton -· ot !tftthod ..a ID addiUon to ra.oilture content. the Screw CSD Unen sh&lJ tither be rubber· 
1. on. ID&DOIIM'tet Jh&J.l be used 01' '11lOCJt7 -- J)'ICem dtiCI'ibed &boYI ah.tJl be b&ektd TetlOft or lh&U be CONUUC'Ud JO U 
~ead C~J rnd!"P and cht oebtr.lor onttea ..e. W1t.houC modUicaUon. tDcUY'ldua.l to be II'U·ft'ft and resllta.ru to ehemJcaJ 
dlffoNDua pnaun rn4IDP- - • conuol qoncieo 1'1<1~ t1111 ID· ott&CIC 111 acetone. t!famnr 1110uth ra- bot· 

2.1.5 Pllttr Bolder. Boroolllcllet rLua. fa Um lb&ll bt concocud u to tilt tiM h&YO tlftn lound to bt Ina prone to 
wttll & ra- lrtt IUetr suppon and & llllcono ,..... ...., •• .,. and &1'1&11111 of tile LlnPU..· 1-.1 Altomauvelr. potyechyleno bo<U. 
rub be< -et. Other macenall of constrUe· or -t& mar bt uaod. 
uoa !o.r.. 1

111"'- ICtOl Ttll<>n. Vltonl 111&7 2.U Kotorm. Sntelft. VIICIIWil pup. 2.2.t hut Dishes. Por niter s&IIIPI• 
be u.Md. subjeCt to a.pprova1 of the AdmlJUI.. IIK·Irft PWDD. tbermometen CI.Q&ble of llUI or polyttb7Jent. unlHI othe,..,.. spec. 
"""'· Th& bolder deotiD sn&ll prondo & ~ cemporaturo to w1tiiiD r c !S.t• IIIed br tilt Administrator. 
-UYO Mal ....,..., le&ltalt !rom tllo out· Pl. *' 101 meter eapll>lo ol IIIO&IUltnC 2.2.5 Or&dU&tod CyliDdor and/or BaJ. 
Side oo &rOWid tilt tUtor. The holdtr lb&ll - to w1tiiiD 2 llOreellC. and rolatod ·- To meuuro condtftltd •ntor to w1tlllll 
bo &Utchod lmmedl&telr ac tilt outla< of tilt c. u abotrll 111 Pll\ll'O J.L Other -
~ !01' CJdODe. u uaodl. ~ ~-· c:&pable or -~ 1 1111 oo 1 •· Graduated crllnden lb&ll h&vo ~·- s Azu be&UDc ---. .. ,.__ subdlt'lltona no puur th&D 2 ml. lloac l&b-

2.1,1 Plltor BAtiDir ncom. ....... nuo w1tiiiD 10 I)Oreeat of llold!le- o-•·- btl&ncol aro capll>lo of ,.01111
..,_. co 

,_ capable of III&Ul~ & -r&- lie ... ot ~ l&lllllle JOI,.... to ·-• 1 ••• f t11 ba1 
,..,. &n>UDd u.. tutor holder dllrml um- - 2 _,mar bt Uled. IUbJoct to tilt tilt n- O.S I or ......... o est • 
PliDC of 120:o:u· c !2ti::2S" Pl. or sucJl -"' of tile A.clmiDiatr&lor. Whea tlla III1CtO IIIUlt&ble oo uso hero and In Section 

o<btr _...,... u II)Odfltd br ID &PPll• ---II Uled In ccm.IUDCtlon w!Ul U2..t.2.l PlUde Slorap. Conl&lll.ln. Air· 
c:a111t Sllbpart ol tilt st&nd&rcll or IDProYOd & J11111t CUbt, t11a - ab&ll tnll>le elwclta 
bF tilt ~ lor & panleuJar &PPU· of WI :t1c ,....._ tlcht cont&IDoiO to ltOrt lllla. lfl 
c:adoB. .AJ-lr. tilt cescor 111&1 oo« to , 'ol lraiDo utlllzlnr mettrlne ,,.. 2.2.7 llulntl ADd Rubber PollceawL To 
0

- t11a -"pmonc I& & ~ - -...oct for bllhtr II<>• nuo tll&a &ld 111 tnnlfor of llllca Pi to conwner: ""' 
lower t11aa tlla& IDOCIIlocl. A t-racuro till& iller! bod Ill APTI)..()Nl or APDT -0171 2.2.1 PwiDoL 01ut or IIOlrotllrleDe. to 
- capablt ol - teOII)OI'&turt to - '" uaod provided that tlla ~ &ld Ill-,_..,., 
wtUIID r C !U' Pllb&ll be inlt&llod so that - ot tllllllltthod art 111et. t.2 Allai1* Por lll&l1liL t11a followtDir 
tile tom~~U&<UZW &I'OI1ftCI tilt tutor holdtt 2.U ll&romftu. IIIIII'CIIJ'7 ....,..lcL 00 ~t 11 ...-, 
<till bo l"tCCIJ&ttd and monltond d- - - -·tel" c:apa~>le ol m-.rtnc u. 2.2.1 Oloa 'II'OICIIID& Dlaba&. 
;UJ.Da. lle&t..t;q QWtema otb.v tlwl &he oae It ?1C Prt:lll.U'I to w1t.hJD U .IIUD Ill 2..S.J D , r•·. 
>botrll Ill AP'l'D--0111 111&1 bt Ulocl. IU a S.l. Ill lll&ft1 .,.._ tlla -otnc 1.U A11a1rta1 - To ..........., 10 

1.L7 Coa~ •r. "Tho loUo- - ...._...,be obl&lntd from a~,..,.. WIUIID ume:. 
Jb&ll be ~ 10 deten:a..l!ll Che JCaek IU C11D11 ft&lhlt Mn1ce 1&&Uon. 1D Whic.b CUI Ut •''"Cft To IIIIIUUI'I to Wit.b.ID O.S lo -un contom: Pour lmplnpn- tilt- v&lut !whlcb II tho ll>toluto bar· 2.2.1 -.un. 250 llll . 
"' - wWI -·frtt II'OJtlld tdUI ftttlllcl - _...., abaU be requ- and &A 2.2.1 lbiila&..--. Til _,.. tile ,... 
lr &Ill mat11r -.t·trft DOD<Onte•'"'""l at.U t for tlentioa d1lfer"'DC8 -. tift bn-'«"17 of tbl ll.bor'ator7 ad&rm--
3I:OIDIL Th& tlrlt. Ullrd. and 

1
- lm· - 1111 ..ullor JtoiJon ADd -~ 

;- abaU lie of t11a Oroonburi-41111Ul -1111&11 be appUtd ac a r&to of 111111111 2.5 ~ ~ 0aua. To _..., 
- modllltd 111 rtPlldlla tilt 1111 wUII - .. !f. lin. Be> per 30m I 100 IU ol..., ·~-•--n•- altha ·labon&or7 m'flroo-
l.J aa ("i Ill.) m rJa. tUlle -...I.~ --00 VIC:e vena for eiOYatlOft cleo - ~-· .-tUcm!lloiD.llromtllo-o- .,_ • -. 
'laaL The - lmPlftPI' lbaU 110 of tlla . :1. llot-
'irottaburi-&Di&b - wttll tilt II&Odard 2.UI Ou Dtntttr Dotonnlnatlon !:Qwp. U ~U... 'nil -to ..- 111 _. 
:1 ... Kodllk'IIU= !t.r.. Uliq llolalllt COil-. -. T-I)Onl:urt SODIOr. and _Pretaurt --·~-VII--folloWc-- . --·-----· ··-· _____ _ 
- bt<weea Uut-lmoiniwtL--·--··--_..-bed Ill Soetloftl 2.3&11il~IOf 1.1.1 Plltara. Olut fllltr lUton. wttbou& 
,... - t11aa rLua. .- 1101D1 lleJDIIIe -1. &nd PI &l'l&lnor. II..._,., u ....... - allllllllllll a& 1- II.JI _. 
-~umUDII to c:GIIDKl tht mter ba&der to ...... ill Method 3. Tht tamoeruun Clll& em I ,; (<O.M ~ peocms'fm) 
.he e:ndenurt a&J be UMCL subJecl. r.a me _. .-.n. pnftrattlr. be per'ZDUeftdJ' a,c... oa. 

0 
l<iit ua·~~Det;t. P'ttb''''•IIDGIU pU'CI-

'--'of t11a Admlnlltr&tor. Tbt 11m and -II tilt IJICOC tube or -Piilll Probe cl& 'nil lUter aMdiD07 - lb&ll be-
.ecDD<IIm_., 1111&11 eont&ln _q...,. 111&-conllrurauon. such tllactlla Upot -~~~ ·='*- ..wa .&ITM-
.,.,.of- !Soctlon U.3>:!~ tllll'd: tilt~~~~"':.. tlla 1~ edp - DBif.'lliRMtlkOiod It'll! c-. 
,. tlllpt,.. and - tounll M- - • of a. ... - ~-· no tou &111 poncod 111 rot•• :a - 111.11~ Toot-
<nOWft weiPt o1 Jllle& pl or eQIUnlftlt - .lllomatlvolr. Ulo sonsor 111&1 be u. ,._ tlla __. qu&IIC,. cont:rol _.,. 
Jesiee&DL A c.benllomtttr, c:&D&blt ol ....... ~ • prtor co ua iD the field. Hoc.. .,.. 

1
.,-g 

1 
ac for Udl DUJ"PPM. 111 IOUI"':8 

•nDI' c.emoenu.n to wtthJ.D 1· c (r., lb&U --=. uaat tf the temperature HniOr 1a .,.., .. ,"..,. so. ar so. tbe mcer ........._ 
,
0 plaCed .. tilt outlec of tllol-llalplq. - Ia t11a llelcL tilt .._, m1110 be •- be ot a - tlla& 11 ""'""'"" to so. 

·r for monitonnc .,.._ . .-Ill &II lncerf-fl'ft ~ flit ao.. Otaaoa lllaa SoetloD 7 ~ 
Altom&&IYOIJ, ..., srstem tllac C11011 tile --to tlla T7Pt S p!tot tube O'*"• PIU'. _, be- to- tlla _,;are 
UllPit--&nd&llowom- ___ 2.,.,.,.2·TI.Aia- lUter. · 

>f tilt - -naod and -- Ia•· II a dill....,.. ol not IIIOrt tll&a 1.1.2 - o.L loc!!cpU,. trpo. I to ll 
,_ Ult coM-. ncb to wltlWillll flit 11 I -laa thalli~~ YOUIIOCIIJ .......... ..-_ 1r pgoelcuolr -. t1r7 I& 171" C I:IW 
:..u bo uaoc1. .... ,_ to t11a _,.,. of tile -II • be ~-- • tomr;~tn~.Wre Pl ffllt 2 laoun.lf- J!llca nlmar be ..- u 
\dm.lnlatra<or. Acceptable - .,. to --noc be &nached to tho probe or ..-...., AltorDatlftlr. otbtr ,,_of-. 
~euure tllo eoDdensod ncor etthlr rr&ft· -- !Thil &ltornauvo is subJ.., co tho """'" !OQU!nlent or btuer> ..., be llted. 
.. et.nea.IJJ or volumeutca.UY and toaeuun .,.._..olthl Adm.inuc.n.tor,) subjed CO UH loPIII'Oftl ot tbe ,Artnun!.IQ'aoo 

;, IIIOISCun 1earm. the cond..,.. llr. Ill U ~It RocoYOry. Tho loU..WU.. too. 
=.orutormc the cemperuun aDd~ a& "-.. needed. 3..U Wa&er. 1I'Ma Ul&lnil ot the ~ 
~• •••" of tht coadensor ond usiDt Dolton•• 111 -LiDor and Prolle-NOI:IIe 11a1 _, 111 t11a lallplftnn is reqwred. -
•• ol ponl&l poesaures: or 121 ~- t11a - llrloa bnstlo bruoha wttb .....,. tWod - abaU be uaod. Rua bltAU pnor 
a.:::etle hU ltlHID tbroueh. • tal'ed Jlllca PI r. .... wvt handles. The probe bruata to llelcl u. to el'-tee'· a b.lP blaaJE oa w. 
,:,r eqwva.ldl desiecaDt) tnD Wllll uat _.._awru:ioDI cat leta u lona u t.be amp'" 
..., topt bt1oW zo· C !II' Plalld do<eniWl· - of sWDI .. stool lfrlon. Tenon. rw :1.1.4 cnao11oc1 r-
"" tho W1!1ChC pm. - illtrC lll&torlal. Tho brulb• lb&ll U.S S1 ; ct G-. -lmoluble. 
· u m.H.Da other than sWea cal are Ulld to til ~ SiZed &ftd shaped to bnllb out. beu r•b'· &illcoDI cnue. Thla il not oeeo. 
etetTIUDI' the amount. ot motRUft ft~ tae-UDer &Dd nORle. S&1'7 11 xrew.oa coanecton wtc.b. Tellon 

·'1t eondtnMr. ''~a recommended that :allea 12.1 Cub. BotUes-fio. Olau WUb siena or .mwar. art \IML Altema.tive.l7. 
,, ~or eQwn.lear.l stW be used beC'weelt; the boCdll uw recommended: PGl)'tthrtene ocher tJ"PtS ot JtoDreotk IZftM D1&J' !)e used. 
~odenser sruea and CJWDD ta DAYeDt ... .a. mar be IJ.Ied && the oprJoa of sub.tecS ro t.b.e &POI"'ftl ol Ule Adzlwl.iac:ra. 
~oJ.Stun concsen:satlon m tht pumo aad me- till _._ n. la recommended t.ha.C aatou tor • 
. l!l"'..DI de'nces &Dd to aVOid the need IOID.I.Il.l .. al! .-ed Ia PGirttbJ'ltDI boCtlel tor 
~rnc:tkHII tor ao&Stun iD tbe ZMCerecl ._._a moatb.. 
31Wftl. 
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3.3 _..,. Recovorv. Aco'-mor•n• 
""''.d4t. 4G.001 pdl!rei!f\& rt:SUI\le. Lfl cJ.Ys '00~ 

...... ma\&II'O'G. """"""' r..- "'""" ....,. 
no,.. ~ 1\u • IIJ&II - bWI& 

.cl &IICNici - bO UMCI. -- NI>PII· 
ern t.I"&WWt'er IIICliKODe ta S1all bettlai from 
:'fUtW eoa~ tb.u&. acrtOftfi ~ II1&LI 
be run onor ~ field u.11 u:ut oa.IJ acetoM 

'illl'lt.ft 10'11' b1.&.ak n.i.UIIlll ( d.OOl DCreeD.U &ll&Ll 

be \UIIG'CL tD l:lO c:::&~t~~ stua.u. a bla.all v&lue of 

tTteaWf' t.ha.£l CJ.OOl perutlt of the nill'Jt. of 

a.eetone UM><t ~ sutn.r&Cte<l from the s&mDie 

'BEIIIhL. 
l.l ~ Two rnaenu an reQu..Lf'e4:1 

for the~ 
U.1 """""""· S&mo u U. 
3.3.2 D "L A.DhJd.roua ealetum S\1.1. 

t&&e. 'n1 t.n.nnc t)"ppl. AJttma.rJVtlf. other 
t)"')iis of d == nt.J mar be Ul6"d. subJect to 

me &D~ of r.he Ad.m.t.DJ.ttl'&t«. 

4.. 1'77 fP"''I 

4..1 '·e " Tbe 0cmD1n:l&7 of tlUII 

,..._ II - tll&l. IJ1 - 10 0111&111 roll

&l>le ....Wt&. - - "" - 11M 
~ wttll tl:le t.IIIK praeed'llr& 

4-U ,._ l'fwpua!!a n 1.1 __. 

:hal ............ ~· bo ouiDt.aiaool 
' .... "' .. groce<~ ..... cl...,.;bod Ia ...,.._ 
-- - ZClO .. 300 • ...- at 

- ""' ... o.lr-c;&sbt --.. tbe ,_. 
........ -tbor.o<&l-oftbo 

- ""' Dlaa --- ... oodl ............ 

"" ... ~ tbo - pi - ""' "" PiiW 'Cbld 1RR m.&J' l»rr wtahecl dSiwc:tU' ID 

t..tut tii:I.&Jtns or susgUDI holder J\11& PJ10r 

"'""""'~17. 
..-- . Checll ~mars n.ua.111 ~ IIG!>t r ... tr
~ &llci fl&n .., PID!Ioio 1-
&bel llltartr ol UIO p,_- 011 tbo 

- - -- tllo ociiO """"' ---
- -- ...... altmW!VO. lallol tbo 
siUIII>IDC ~ 'I!IUII .. - ll'ltl1 
dlol>au &llci- tbo lUton illlMOo""""""' 

.,.. "' all - - duruiiSUIIPIIIIC 11M 
~ 

c , . .,. ee tiM mton a& as:o:s.r c (ll:o:lll' 

Plallci -· p-!Ofl&- :14 
IIWI'II .... -.a "' I!UofT&Ia oi Ill - I 
-..., to a .,.,......., WO!Sb~ La. U oas 

. c:IUiil&ll - PN91CWI - - N
BUIVI to tbe .........,. 0 I IIIII- Dlii1IIC -

.... ~ t111e mtar "'""'-""~ .. 
Cb8 'et J etzn.,..b.IN far a peftod 

--31B1Dil ... -·---
-~-541-~ (\ID.Ieal er' alai ; 'ftsd lQ' tile "'"'"hb 
tn&ac'l.- fDten m&rllo ..... dltodl& 1011' 
c: CZIII' .., rar 2 te J IIDoA • · •ed roor t 
bf:Nn. lllllilll ..,...,... Pr : iNi atblr dHta 

-

1 

It :!. ---lllllrm-
lllllillldltF Mr-. _, ... -. -- • 
t.bea;::$ii!Ui:aJ oftbs ..... I 2 ..... -.~ :-·._ 

4.1.2 ~ Detme!nes!ew: .... 
U\e ,.,pttns litt.a 1M tba • 1r · 1 INIIIlllifllr 

of~ potnt.a aw:acuwa ta ICatbcd I.• 
U ~ bJ' Ui8 Atfe!n"SMMGr, Doter-

- - - llf1!'liiUA. -11M 
- .......... -t7 ~~- UliiiSMo<lloci2: 
I& Ia n d.•d U\M a te&lloCIMc:k of tM 

l>ltoe - ,..,. 1!otAitllod 3. - Ul 110 
pori-~ tile .. .-.....-

UIIIali ..._.___ ~~- 4"" ItS..._ 

"""""--~·f -...... plllo!! ......... ""tina - 1110-

iU .if'Y :noleeula.t 'WEICht. a.s :1ncnbed 1ft 

~etr.od 2.. Seco:lon JJL ;! ;nternr.t<t :'deU'I.O<i 

l sun~:~Hns :..s use<! for :"DOieeW.u .,,lttfll'lt :s.. 
ternu.n.auon. the l!1tecnte4 b&l sa.a:uue 
snaJ.l tHt t.a.ten su·a.ultaneous!Y 'Wlth. a.nd !or 
the sam.e :otaJ :er.rrt~ ~t :une u. ~ne ::J&rtle· 

1.1late sample ~-
Sfleet a nowe si.U !:!&.Sed on the :"'UlCe 'lf 

vetoeu.r hea.ct.s. suen r.nar. u. a not :le<:fSS&I'7 

to chilli& t:l'lt noz:Je sLZU 1n ortter to mlW!· 
tl.ll'i ~lUnette samoh.rur n.tes. Ounn1 the 
run. do not cnanse the nozzle sLU. £nsw"W 
tl\at the proper !11!ferent&l Pf'eSI\U"e pup 

LS c:nOMn tor r.ne n.nce of velOC'ltY t'l.eadl en· 

eouctere<l ueoe Secuon 2.2 of !d.eU\O<l %1. 

Seleet. a SUltable probe liner &tld. ;)rotte 

tenrrth such that &.11 tn.vene !)OUU.t c:aa 1M 
s.&mDled. Por ta.nre sr.acu. toD.Jider s&mDlb:I.S' 

rrom oppoa1te s1des ot the staCK to recluee 

the lenrth of probeS. 
Select a. tOUiJ. SUDPI..l.n8' ttme srnter t.b.&D 

or eQU.I.l t.e the mJ.D.J.~Dum total s&m.PI.Iri.l 

time si>Odflocl ill tile.- oroce<~wu ror u.o 
sllECitle ID:IIWI&rl' sucll tiiO& m tllo -
tlm<l - .,., ... , l.o ""' , ... "'"" z ......... 
some .,_... umo mcatft.l u o;:><eUlocl 117 
tllo ~...... 11M l2l tllo S&IIJIIie 
volume L&UG <cot'1*'0C'C<td to st&D.d.l.rd C'OJJd6.. 

UOfill VII! exeeecl - rt<auln<l llllnlm""' 
total po saml>IO VOIII.IlU. Tbo l&&tot l.o -
oo. 1.11 ~Df'OlWI1&fA a.ven.se sampl..J.nl nt.te. 

It 1.B "'"'"'""oncioci tiiO& tllo .,,......,. of 

..... u ... ....,.plecl .. dOll point be ... "'

or .,. lllta11or pi"" ..,..11&1! """'""· Ill ..
to &YC6d ~ erron. The sempUtqr 

t1m<1 at ao.c11 polllt &11&1! 11o tbo ......_ 
ED- c~n~ma-. 0-1- l>aUII crdoo.IS 

m&F 110 .._,., to '""'Die I"" SIIMair 

t1m.111 a& the cn•erse potDta Ul4 to am&~~ 

......u.r """ """ole ""'""'..._ ED til- -. --r'· &PDI"Ofti ., .... 111'1& 110 ........... 
o.u ~ ... ol C:olloctiOD Tl'll& 

DuriDc l!ftl>lll1'UOD 11114 .....,.1117 ol llle 

..... DUDs U'&lft.ltn'P .uo..........,. .. 1:1 ......... 

"'"'"tltoa caD OCCW' COftl"''d UAUI Ja;C 

Drtor to • rmNr or UAUl I&&D&'llDC \1 ILbou& ......... 
,._ 1110 1111 of - 11:1 ao.cl1 ol tbo -

..... ~ ....... tbo tlurd --.... 
OIB!I':f, .... II'&Dit .... 01111ro-11 311 18 

:S00 I of llf'I"IC!Ioci Jlll<a sal ltalll 1111 _. 

- 10 tbo lounb ill>l>-. .._ -
11'11 """ 110 WIOci. but con lbolllci 11o W... til 

......... tiW It II - ODr.r&IDecl 10M ......... 

"' fJ'OIIl U\11 ~ ctw'iftl "''""' .. 
Pla.ce tbo COflcam. lA a ciOOA Dlace IWII&:Ir 

WIO IB tbo ........... ,_....,., AI~. 

tile nlcbt <If tile Jlil<a 11'11 piWI - I _,.,.......,_..,tllo,_Us....a 
recrtfdel&. 

OI&DC a C1Nr&!la' or ~ ~ ..,,, _.. 

Clll !illmoL Place a l&lloloci Cklollutlocil &Ill 

~ mlaf "' "" mtor lialcior. 11e ....,. 
tiiO& tile lllt.ol' IS D-1 CO!Itero<l oM tbo 

- -IJ II- 00 U to PRY- tbo 

-· """ sue..., '"""' """"""'""lllo!! tbo 
llltor. Checl< :bO !Dtef lor ....,. o.ltGr......,. 

1117 IS """'lllOtoci. 

W1ws ll'l&ll IIZiml .... - Wt&ll tbo ... 
l.....S _, \W1III a VI- A O.r!D41 - , 
8<6Cl1 _ .................... "'"" - c 
(1100" Plu:4 ... -...,.,. --- .... --See ~'Ill 

· lor cloWla. Othoi' ........-•-
eltllor 318 •'"""- liWOi ""ToJloD ,.....,.. 

_,.,._,._~-IIZiml-

iJl.Ot&ll tbo ooz:le .. &~>avo or D7 & ,_,.... 

d1l'8eC '!Wf'henjn&J ecmtlmctiOC.. Jl4:u1l; d:le 

~"""" "'~ 11- ...........,. .._ or 117......, 
otllor -~Oil to- tile pro-
i.D&a tWa s&£Ciiit or dw:C fM eua •m""'• -

IPA BTATKCIWI"I' mCIUIICII BJIM'I.XNIII IOII'IIGIIII 
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$&< UD thO tnt~~ .. Ill IP'ICW"' 5-!. YSIIIS ·II 

~' a .,.,., l!.ltu CO&C. ot sthcant 

~ CID a.tl S'f'OW'lel SlaM .iOUU.&. STHrllr.S 

oaJ.J tlat outer poruon. tMe A.PTl':)..o.STC!I) to 

a.Y'Oid po&s~tnUt7 of con"mon•non or the S&J.· 
~cone rreue. SubJect to the aoorova.t or tl\e 
.\4rDJ.nJ.Strat.or. a 111.11 cyclone ra.a.y ~ '..:.Md 

~'""n thl Df'ON &Dd CUter :tolcler arnea 
:n.e co&&! partJcul&tt eau:n Uli ezpectect :.o 
tllC'ftd 100 ma or when •a.ter ct.routec.a a.re 
i)M8D.t LD U111C&CII. p&. 

P\aca crus.ned ice a.round the i.mumstf"!. 

U.t Loo&-C!locl< l"roeocc...,.., 
u.u l'rel,.. !AILI<·Checll. A onttes< 

:fi'IIJr.-chtcll: Ull recommended. but not r. 
Q:WI"'d. 1f the tester opu to eondu.ct the pnt

""" lm-cnec~<. <no rouo..,.,. p-..,. 

&ball""-Alter ~he sampllnc tn.J.n hM been IL!IiMIZ· 

bled. tum oo and Mt the fUter aod orooe 

lloaUns .,........ at tile dlllroci ·
- Allow lime r.,.. tbo-
- to 8C&lllllol. U a VI- A O.r!D41 .. 
oWir laa&-tree coanoc<loll 11 WOOd 1B .....,. 

IIIIIIS w IJI'OliO ..-.. "' tile !>"'110 lllllllf. 

101:11-ellecl< tbo tnll2 a& tile --sate IW 

Pl1ialliC tbe - - IIUI1In8 • * ..... 
111 us lB. Ill! I ncuU& 

Ncm: A - ncuWB m&l' bo W10ci. lifO: 
V1dlrcS c.tua.& tt ts DO& ., : ld.l-4 dui1D.I U1e c-.. 

u ... --.. .-._..,... 
- tbo prolle "" tbo - 4WUIC tllo ...... 
- - leal<<ll- tbo tnill ..,. llrB 

Pl1ialliC t111 - to tbo mw -u,,..,,.._ If IIIOUcolllol aacl Plllllal • J8lll .... 

Ba tU ilL BIJ ncu.ua < .... !fOCI '''ec""+ 

11 -~ TileD - tbo - .. tbe 
- 11M laiLI<.cJ>"""' .. - 2:1 ..... Ill! u 
Ia. 111!1 ..... """ oltenul&l~. tbo -
"""' lie laa&.cJIICkoci vi~ - - CJf IIIII 
-Dill:ls trUI. Ill OfiO '""- .. 311 IIIIB Iii 
till Ill. 1111 ncuU& I..nJun """'ID ea .... 
of t DI1"CCtlt of the anna• J&BBOIIDC rue or 
t.:D0081 m'IIDlll &0.02 cfau. •ft.lCbeftt' IIlia ... ~ .. 

Tile !olloeiD8 .-<~>"""' - for 
IIIII -llll!:lc uall2 -bocl 11:1 AP'1'D-41I'II 

.... .Vtt 1111 """ "" llellllllL ..... ""' 

- lllllb """'"" '""'" ~ - -...... la1Sha1& ~ 1''"111lr ......... 

...., ...... lbe - ..u- - -
lloWI7- tbo ..,_ --- • 
llr8ll ne'IUila ll m ct• Do IIIII& N't'II'IB di-

...-ot..,_ftluc Ulitwlll..,_ ....... to- liP- tbo- -·If lbe .... 

--~ Ill = 7 

rL fl!lt.bR leU-c:boell 

8&-lilll*---- tbo -·---.aft-. Wba t1i0 -- II lrt.IC. -
lloWI7 -lloo ..... ,._ lbe- to tile 

..-.--· ... .,.......cu..,.,... 
- 10M I IIII'IIJ' t:llm oG tile ._ 

..... Tb.lll '*'' y tH--. Cbe .. ......,."-..,., ___ tho ____ .,.,._....,..,.. 
---tbo tblniiD'P'DIW, 
uu tad~ l:lw1Dc llomole 111m. 

li. <iWIDII tbo ........... ,_ .. --
, ...... Olter ' l:tl, Of' lmP"EI p?J cbaal'e .. 
CIDIIDIIIIII ·m ,, a te.lit<llecl£ 8ball be flllllto 

~ lp•d' "'f blfGN tile eba.D8B Ill 

- Tbe -- &11&1! ""-.... te tbo III'>XLV -- Ill -UG..I-.-UW.IS-be- a& ·-oelllli 1000'----· 
...... - - 110 "' - poloiS Ill tile 
- If till -- - .. ,_ "' "" ... - _.__ .... ,_ (1.02 _, ... 4 

..,._ oil tbo ........... .... ... ~~:~s -
-~~~._,.- ....wao .... -
..... - ... .... - WOOd "' "" ap. 

lillocl to !llo--"' "'" .... -



.l. -· • _ ... ·-- ........ 
- - - JAII/J tiUiet - .... ._ ......... _IO_tlll_ll ..._ .. -•-u•uua ...w, «IILall .. tM•moliDI na 
'•crt'"'' .,._ ao-p==c ca&alllo 

~..a-c:a.ca 11'1 Qpr' "'1
" u IUCb .... -ctwea 

uw ct1D1. UM A tiN OUCUDid Ia Seeaaa 
4.LU_IIIAA.,..-, 

t.LU P:a- r..-CooL A '-II· 
~ II •·-& I I& &be hd= ol 
... ~UaC»IJAt ~ ,. '""c:b ... abaD. 
CS.. Ia 1C C H 1 em wtdl Cbl Pi f iW 0USo 

- Ill - u.u.- 111M I&lie tJCtod a& a- oquaiiO or_. 
... c.bul l.be •• __... ~ .. rtKhtd 4w1DC 
u.o -ua. ,_ U eDt leiUio ru.o II 
f-10 ..... --0._, •. ,_ 
<CI.ft _,_. 4-- oiUOI •-
~rue,..,, t a .. ._,_ u. r..&~ll.,. 
• ;zable. aD4 • =• ''MI Died be • 
-10---·*'-
IL --· a ....-r laaltap ,... II .,. ----·lt.lltr-Uio :....,. ...., ..,.. mrncc 111e llllllllt ..,1...,. 
.. llloW'II Ill .,.._ U ot Ulll --. 01 
sh&&l 90&d Use ""'\Pu"l naa.. 

U..S Pa tm'e«e Tn1D Oper ......, 
DariiiC UUt nmO""t rua. ID&IIlt&ID lA &. 
CDIUc •msl"nc race Cwtel'UD 10 l)tt'C8Id at 
:.me llokiDetlc - <KII-~ "' r.llot _, ""' • ~ 
- - 111101' ol Ull:tt• c 1241::11. Pl. 
or JUCil <Klier~ u ~"' 
.. anolk:e•lt - ol llle- .. 
100 oui4 1:1,. tba ~r. 
,... - ""'-- Clle d&C& roq1llrld oa a-11>--UCIIeODellloWIIID 
~ 5-2. .. _.. 10 - llle IDI&Ial *' 
... -------*" -........ a& Cbl '*4, ntzw aDd eacl of fiCII 
tt"P'Inl Clme tiW zc wbc ~ ill 
naw - an - btton IDd at1tr -·-~ IDd -~-~IDC~~IIJiolilod. 

Tau ol.ller rnailiP 'e<IWI'f<l ~Y F!run s-z 
u , ... onee at n.cn l&ftlplt ,cKftC 4UIUll 
IICil CUM -one IDd 14d1UOD&i rftd. 
lap W11011 ...,.ncanc CIWipl 120 pe....,, 
ftl'l&CiOD ill Yelocltr a...s M'11GPJ aeee.t· 
1111 14dl- ..u......, ... ,. 111 llow race. 
Loftl IDd..., Clle maaomoCOI'. BtcauM tilt 
- - IDd uro ....., dltft 4ua 10 
- - -pers&url cllal1c-. ..... portadlc-4~ tilt .,. ...... 

ClaD UOt porl.llolel pnor 10 Lilt '""' ""' 
to •'n'•tse the cbaDCI' of UlllD~ dtP'OIIC.. 
od- To ....... -PIIDI. remo•t Ul8 
- -. ~ cii&C Cllt tutor 1.114 prolle 
btaUDc- 1ft UD 10 cem&>ltMIIft, 1.114 
cii&C Clle DiiOC Clllle 1.114 DroOl on prolllfiT 

---- - -·" tilt a.. .... ._-WICII tilt CID -CIIII 4lrleCIT 
lDCO U.. IU ICI"fttL tmmed!etelJ RU"t c.be 
DUIIlD IDd I4Jual Clle llow 10 -

1
nl'.l<: -· 

- lf-ba an aftllallle. wblcll 
1114 Ill - rool4 &4.1 .......... , ot - 1101Un1Uc 
••p11nc I"Ua Wlc.hou.C •• tt .COIIliNC. 
c&cmL 1'b-. n 011'110111 an. _deetiMd tar utt WIIOII 11M T7Dt s DIIOC Clllle -!Idee 
II ... ..O.ot.&Ddelle-IUIIIIII-cr Cdrr -I!ICIIIar n!CII&I II IOI1IAi 10 ·-AP1'D-OI"-- ............ , .. ...,.ellen ,.&Phi. UC.ID<IM.onout-----.....,.4o-uttUI8 
-, II'Q!II UDJ-~ iUOI ( ... 
acau. ' 1a •11Uot!'&P117' on ...... 10 
OWP'""'t t• the clrr1&dona. 

WhOII eDt- II -IIIIDitk:enc
UYI _.... IIMidlC ol llllplnltf _,_ 
cue cue ... - U1t - adJUIC niYI lloton ~11M III'Obt IDIO CDt- ... - .......... -...lidO Clle111C.. 

-· u _,., - - - Ill I.UI'DidODWIIIICDt_..u-_ -

'IIVbOII Clio 11ro11o 11 ut -"on. - off 
tbe opc p aroWid · UM DroOl Md ponnoae 
EO lltl'i'I'8C IIIII UDI .... cau ... dllUU. Of UW ......... 
Tn,.. u.. aiCl a Mctlcm. u ,. 

Wlrod b1 -- I tr u llllldtlod b1 11M 
AAIIIliluolftiO, DotDr cuetul - 10 ilwiiD 
11M pr.- - IDIO Ul8 IC.II:k ...U0 WbOII 
--_,.- nlll .................... 
or - 11M Drollo Ulroulll Clio pon· 
boa. &lUI minim- &be cb&DcR of at.raC'&· 
IU ._,. ID&ICti&L 
Du.- Clio '-' MilL IIIAict pertocllc 14JUIC· ...... "t.D- _....around Cllt 

mw bolder" cae- ltYtt add iDore 
lctiiD<I.lt _,-,.talC 10 m&IIIWD & -· _..,.. ot '- UlaD Ill" C Clr PI a& Cll<i 
~--lr.JIIIlc:a .-I - Ala>. D"TZ 1k:el· 
~p.- ... --.... .,--.. .... 
u - - droll ..... Cllt 1lllolr .. 
--IliA~- -un. dWk:llll 10 D'!'"''"' t.bl ~- .., .. No 
..-~acae-ota _ .. rm.lcll 
, 1 d &ba& llllllt.ber C!O"'P"W me. 
I b'J .. -- ra&biW ~ Itt I t.tus co 
.._ Ult IIICir l&oolr. -- • - rae.. 
I "17 .a. '"de!!et!! ~ a lelk-c::blct 
,_ - U.UL '!1le lOcal --wwt.ibt atsaD IDCllldl UM ., •• ._ ot au 
me. I N7 Cll&eb& 
"lllllltlniD- .. - , .. Ult Ollart 

MmiOit n& aeop& Ill- WileN -ulta
DIOUI "'P'"'C II i .. illlnd ID CWO _. __., 

--.. "- .. -- <lltl'0="- wtUt.ID tal ... due&. ..... c:u. 
wbln 'iCI"' m' falbrn a , •• a 
cbADI'I "lnila Ia aD..... ttnr•. c.be _., ____ Will ___ .... 

1M &IIIDIW&l ot UM fde'"'nn.cor • 
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----~ C'e-.-. s...,......,,... "'..... -- ··-·· -···· L--------.J-- on••--- '"' 
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No~.e t.b&& vtum two or mort U'&l.l'l.l 8J'e' 
sod. ~ o.oa.J,... of tile lront·bal! 
Ad Uf IAi'P'!C!:NeJ I.!DPI.DI'et c:&LChC!I from 

eac.h tn.&B a.b.&ll be performed. unleu ldent.a· 
eaJ nara.;.e ma wert used oc &ll t..n..ul.l, Ill 
•h1ch. caae. ~e trocr.-b&lf catches from tne 
mdanel~ ~ 111.&1 be combmed (e,s mar 
the i.IBPm.nT catch.E:B> a.ad one l.ll&lym or 
front·hll.t C&LCh ed oae a.n&ll'Sia of imPU18'· 
er c::atcb &&:r be performed. Consult V1tb 
the ~r for det&Jls coaeem.!.t:l( the 
~ o.f raulta wben tvo or mort 

""""' ..... --A' tbe ili!Dd or the I&IDPle run. tum oft the 
C08.I"'e lldJ1&Il valve. remowe the probe D.Dd 
noaJe froaa lobe ltadr.. L\ll'D off the pump. 
"""'~'~~ u.e !IDa.l df7 au meter read!nl. &Dd 

· eotaduc:t ... JIIQISt·c.t. lea.lt-cbeciL u outlined 
m Soc.- U.U. Aloo, loa.l<<heel£ tile pltat 

11noo u -- lD Method 3. Seet!on 3.1: 
the 11t1oo •- pea thll leak-cllee!L In orde< 
to ftllda&e U>e velodtr bead dat.a. 

4..1.1 e>=·••tton of Percent JsotineiJc. 
C&lcula&o _.....t laoltlnotle Ieee C&lcula· uons.- tl 1.0 dtterm!M vhether the 
nm .,..,. valid or &DOther test nm should be -If-..... dlfflcultJ lD --
-·- """" due 1.0 oo......, eot>diUOI>L ...- VOU> U>e AdiDinlatra"'r lor PQOIIIIIe 
.........._..., U>elooltlneUC ratoo. 

u 8uol>le R.oeoverr. ~ elt1111!11 
Pi cwdu:ft 1:JeS:i,rYi u IOOD u UH probe II re
--tlleatad<a&tlle...Solllle...,. 
1>111W ....-, .All""' llle ....,... 1.0 cool. · 

""""' ...... III'Obe ....... Bltlr b&ndlod. 
-oft all ,.....,w ~ -tl>e Up el tbe probe - ll>d .,._ a cop 
"""" It "" .,....eat loal.all or caiDIDII parUcuo 
l&&e ........ Do - cop off tilt prollo Ill> 
uc:J>II7 - the I&IBI>IIDil tn111 Ia ooo1lllc 
- aa - 'IIOuld ....... & VICUUIII Ill tilt m- _._ cloue dr&wiDt .....,. tram Ill& 
...,.,. a IDOD tile mter baiAIIr. 

-- -"''I tile _ .. """" "' tilt __ .......... tllt ........ tramllle 

.......... - 'll1ll8 oft til& - -....... - ..... - - of tilt ....... C1I.I'Rfa1 ... to lam IQ 'CO 
7 

.. u.& 
lli>ISIIt ... pnooDt. 'll'lllt oft tilt -
........ - t1>e mw IDiot.,...,. u.. pro~~o 
.... fer , &Ad cap .. RIIDoft lltill Ullllao 
eal ...... - cl>o - --ll>d <Ill llle 
Imp!- If .. flalllle IIDe .. - -
u... - .......... .. lllld ll>e 
- ........... dll ""'"' tilt IIDe "' ll>e 
filter baldll' aDd let .., cart 1 fttllr • 
lkluld -111110- ................ ....-. 
.... Aftllll' 1lflliiDII oft tilt llllciDDo - -
off ll>e - lloldoe - .... ---;:cuM ..... _.,.._ 
:----~'!~ 

Tn.Ddllr a.e pi"'b;a .u n , i r •• • 
...... 1>17 .... - el- ...... ftll ...... 
.- ... - U>d praceosed tram u.. - oo- cloe eiWICiil of __ ...,, 
or ~tbe~ d be•'"teW 

a.. ..... -- ol u.. -- - for el .............. -,......lllllofl!ola .... 
...... ~ - llle - - 1lollli! __ ..,.ltllllai!IMI......,.._ 
~ en• biiWir..• 

~ - - pelor .. ll>d """"" """' u r "'13' aDd DOW au a.bDamaa1 =t~t= 
on-&-"""'~>~&& .. f-
~ k L CINhlllr .....,.. U.. 

---mlOf-ll>dploool&lil 
AU! ld ,. • petri diahenn'e._... 1lll a liiUr 
of I!.Dd/W claD til; Min IIUI'IDl 
BIOmil'"' --mter. u a 11 _., 
... fuld--· ..... -lila& u.. partie-

--~~~--~-~-r .... _ _.. ____ _ 

Ullllee - iiiiBil - - 1e u.. ------·trrll71oio 

~rutle !:)ru.sh Uld/or a. .sh&.r"D-edSe<i bl&de. 
Seal the conuuner. 

Con.tcun.er .vo. Z. Tak.inr c:are to see that 
jW~ on ~he out.s1de of the ~robe or other ere· 
~enor :surta.ces does not get Lnto the sample. 
aua.nuu.u .. ·eiy reco .. ·er pa.ruculate matter or 
any conaei'I.S&te !rom the probe no=.te. 
~:~robe tlttuur. probe Uner. a.nd front haJ.! ot 
the filter holder bY wutunr these campo-. 
nentlll wtth a.cetone a.nct pla.cws the VI'Ub Ill 
a c1ua cont.awer. Olstllled. water l'D.&f be 
used uutea.d of a.cetone 7hen approved by 
the Adnun.Uitrator and sh.a.U be usee~ Wlhen 
s,..Uie<l by tile Adrlunl.lt.....,., Lll til ... 
cues. save a. water blan.!c. a.n.d follow the M
muu.strator's dlrecttons on W'l&IJ'Il,ll. Perform 
tne acetone nnses u follows: 

CanfuUY remove the probe nCIIICtle Uld 
clean the Lnslde surface by nn.s.i.DS 'll'tt.b. am
"""' from a W&ab bOtl.lo and bl'lt&!W>C vtt11 
a IIYIOD b11.11.lo brua!L !lrual! UDW cloe .... 
tooe n.n.ae shows no vt.lab!e p&l"tk:la. a..tter 
wb.lcJl m&Ju a nnaJ rtnae of t.be iWilde IW"' 
face wtt.h a.ce&ene. 

llruah llld limo tho lna1<141 ~~uta of the 
s,....lo& !lttlnl mill acetone "' a -
W&1 unUl no VLSible pan:tc:les reD:l&l.l!.. 

R1nM the probe llner With acetone by c;ac... 
Ina U>d rotatlna tho probe whUo Olllui!'UDC 
acetone !Dt.o Ita upper end ao c1>at all iDIIIdoo 
mrf .... wtll be ........ Willi ......... I.e< tilt 
aeotoco dr&ID from til& lover U>d ID&o c1>o 
.......,.. eontaloer. A tuunol tll&ao "" PGI7• 
<tllrlenol ID&F be 1.1M<I "' ald 011 tn.ll&f ... 
rlDa lkluld wa&bea to the contaloer. P'ollllw 
tilt .... woe riNie Wilh a probe -. llllld 
the prollo ID u lnciiDed pcall.loa. oqu1r1 .... 
,_ !Dt.o cloo uppet elld ., cloo protoe -
Ia ~ pu&be<l Willi • t'tllllllq -
tbi'Ouah cloil Prolle: hold • BIDJ>I& cootaloer 
IIDiionle&l.h til& ,.,..., ll>d of the protoe. U>d 

=~-=-m:'.:=-.:::: 
- tllrouatl cloG peatoe lhnOI - 1111 

Co11tG.t1WV .Vo. J. ~ote ~he -:olor of :1'\e .::· 
d.lcati.DI llllca eel to deu!rm.tne tf '' n.u CH:'I. 
completelY s~nt a.nd m.&Jle a nota.uon of .:.u 
eondttton. T'r'a.nster the sLIIe& 111 from :he 
fourth imPI.I14tr to its onrwaJ :ont&l.":er 
a.nel seaJ. A tunnel :nar mue tt eaJner :o 
t)Ou.r the sLl.lca. set V'ithout scullirur. A ruDDer 
poUcem.&D m.&J" be u.sed aa a.n. &J.d 1.11 remov· 
IZ18' the sWea eel from. the tmDU'ller. at L:ll not 
necesa&f'J' to remove tnt sma.U a.mount of 
dust panicles thiU. may adhere t.o the :.m· 
Plllltf n.U l.l'ld &nt diffiCUlt co remove. 
Sl.nce the la.IJ'i in veishrc i.a to bt used :or 
moiStu.re ca.leu.LatJona. do no& use &D.Y vater 
or other Uqu..ids to ti'INifer the slllca seL If 
a ba.1a.De8 ill &vaJJ.&J::ile in the field. follow the 
proeectun for container No. 3 lE1 Section 4.3. 

tm!ri..,... Wc&Ur. Treat tho lmpiJ:laon .. 
foUo-q; K&lte a nota.Uoa of &111 eolor or 
mm Ira 111a lkluld caiCII. ,_......., cloo UCIWd 
wbleb Ill ID tile l1nt lhnOI lmpiDSefl "' 
wtcl>lll :llllll Ill' U&IDS • snduata<l ~
or bF weiCIIIDC I& to wlcl>lll o:U I bl' ua1Ds a 
baiAIICII llf 0110 Ill anllalllel. a-..t c~oe 
vollllllll ar welsh& of lklllld ......,.t. Thl8 11>
foi'IDIItlall Ill required to calcu1al4 cloe -
I1U'O ........ , ol clot tUiueot 1111& 

Dlaoanl tilt lklwd a1lOr meuur1Dc &lld ,... 
cordiDII tilt '1'011111111 or vetsbt. Wllea ......., • 
Ill ol cl>o 11DP1D1V Clltdl Ia raqllinld •
Note. lllecl.lGD :LL'Il. 
u & diUoreo& ,,... of - Ill ueod. 

llliiUtill"8 tbe UBOUDt of JDO&Itun emd c,d 
otc~>ae~orsra~. · 
-- _.ble. CGI'IWDer& lllculd be 

alllllll04 ID 11UCb • ....,. cl>at ci>&J .....,_ UJ>o 

I1ShS II& 1111 -U Allal7ldiL Record the cla&a ~on 
a ahoet llliCh aa tllt """abmn>ID,.,....... W. 
l!aDdle - BIDJ>I& ....,taJoe< aa fallowc 

- .... w "" - II'UtiOW&Ie -"' -~~~~~~~~~~~~~~ ......... ""' - til& - ... - - Do.le .........,. ID t11a PfOlle IIDer oa- _,_. l'&uAifo. 

111111. Wltlo -- - .. - - Rt8'Wo. .....-.""' cloo bnlah t.broua!l Ira tile.- -lkluld Jut diii1D8 ..._ --

llOOO<fllled - .. 1- aiJt - - --'1'01-lllll======= ID&tllprotoeeba .. ......Ucrnteoollil- ---lllll 
~ ................ eDtro&>J>ed, RIDilll 
u..---·--...v --~IIIIS/1111111-- u... 'li'UIIIDIIIil til& ...... _ • ..,. Uoall-41----------
-· Altar til& llrU&biD&-. a flae,l- . -....a. ll!UI!.IDII '"""""""HI-,_-of- prollo .. -lied_.,.,,··..:--·----,,....----------

• "' -- - ...., ~ ~ ... , c:>oOEiar _ .. __ ..,. 
eJa& &be probe to mfnlmlse ....at .ott't fUIIIIIIIP .... ~ 

loaoo.llmNoo wgpiiD( ....... .._- • --..;.· ....;;·+==·=;-;;·-==::...j...:.:;'""'=:.:-=-
--aDd~ fi'CIIII COD'NW'M ' ."-; ~' ~- ~ After--- 1111 1010111 -- -!:' ====4'----+----+--........ of llllleoae - - tile'·.-· .. ._ of tile !rom ball ol tbe ~ lioldor0 .o· !!:::#::::;::L--..L---+---
lifi'UIIIIlollcl>o surfaeoo 1111111 a KJ>Im- •·. T"""'--------1---
- U>d riDIIDC Wiclo --- . 
- time -- ......... If - Ill ----·--of tba bnlah &lld mter tooldor. CWo~U~-
If rllllM out c1>o ll&ao C7el4me. alai> <It 11101111-
-•· After 1111 _..., 'li'UIIlDII - ----bavelleoncc-lilll>e ......... .....taJoe<. t(@hteo cl>a lid .... ll>e 

-..Je CCIIt&!Mr "" cl>at - Will -
- ""' •beD IC Ia ablpJ>&d to tilt ...__ 
.,. - cl>a betsbt ol the lluld - "' .... - .... - .... -·~---~ I...a.be! &.be MIII'P!eer to 
deer~: ldofttlf;v ita __ ... 
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CORl&IM'P' No. L t..&" the coatftltl Ill tht 
""-coa....,., or lnDitor tbo tUtor and 
UU' - ~ 1.- tbl sample COG• 
WDor 10 a tanc1 II&M ·~ c11111. O.C. 
CUI fW 24 boul'l I.D a d J J':: '"!' COGt&U:liDI 
IDII'*- caldum ...U.U. Wtlch 10 a coa
IC&Il& __.., - ........ ...,. -.Ill 10 till 
,_ 0.1 me. Por- of tbll Soctloll. 
U. tbl...,. ._,....., wolcb1"......, a dlt· 
tonDCe of DO _.. UlaD 0.5 1111 or 1 -• 
of total --l&rl Wllch~ wllleh....-11 
lfa.tlr. bet..-: two coDMCUdYe ·~ wtlb DO ... thaD t bouft Of dnlmerton 
ume becWwea u 'Jhfnp 

A'' -.&atel.r. ~ ample 111&7 be ona 
drtld a& 101' c c:acr PI lor 2 to J boun. 
coollcl Ja U&e i 1d 'or. aDd ftiahiCI co • 
- -.JIL ....... cKhtnrllo ~ 
b)' tiWt --.-. Tile - Ill&)' aloo 
Oil< 10 - ~ tiWt - II& 101" C CDr PI lor 2 to I -.._ -.a> tbo _. -- t~~~o--...s • a llaal nlcl!~ eo..- II& L II'OC. tile loft! of liquid Ill 
the ·•n- aDd eoatJna oa tbl aDalnal 
111- ..- or - a.._ -dlll'IDC- U a -1• 1111101111& of lnJ&ace- ...... rld.ottll ... ftlld ...,. _ .. 
or 1101 -- ..t!Joct 10 tllo -raft! of tho-· to....,.... tiM IID&I ,.. 
S\IJCL .......,._ tbe UqWd Ira tllJI OO'!'''N' 
eothlr ...,.~ 10 :1:1 all or ~ra-.c. 
rlc&ll7 10 :0.5 c. 'n'anofor tile COD""" 10 a tand---- to clr7· n- a&- -oera&un-~ 0 'oce'e tor M boun IDd ..wet~ to • cc.-
st&DC w8cl~L ltepcm tilt recl&l to tiM,..... 
eot0.1-.. 
eo..- II& .1. Wllch tiM -· lllJca pt cor llllca p1 111111 lmpiDPrl 10 tile ,_. 

eot 0.5 • -. a ~ 1'1111- III&J' bl 
... - ll>tiWt-··A- ...-c .... - . ..,........ ... 
toDt LD UUI • ' 1"., tU.htl' YOl&UiltllCZIC::&i~ 
IJ' or-~- n.aator tile_...,. 
co a &and - --miiiOfUI to -~·-u-.. ·rpc·ec~-----w-._. --
sun. D t'M't ,_ 24 bow's ud. •etc:b co a 
coNCIDC -..flbL Jlepon Use r.u.ltl CO tbe 
~-0.1mc. 

lfcmo: A& tile- of tiWt -· tbo coata&o ot ConC&IDe' lfo. 2 u ..U u till ... 
toDe bJaDit canu. T m&l bt l'f&&»>rutd a& 
te ...... r&Nrel ll1c2Mr UlaD amllitDL U
ora&lGG • - ac an II- tomcoeratun. :hi,_,_.. .... bl-"" ~ 
"'"'" ot ...,. 101-.-.: &loO. 10 """"' --... :nc. .. tbe tft~anr cwoc:- muat be dQII:o 
.r ~ - tbl coacmto of tiWt 
Je&I<U aalll& bl-OCCUioaallJ' 10 JII&IDo 
:&ill.., l'ftD-C'u ""-can. 18 ICit.cDI 11 ~ n•-••h'l ADII bM a 
!ow .null DOtaL 

u Quallcr CoatroJ - ..... Tile 101· owtnc ~CJ' -1 p..-.:111101 an.,... 
·estecl to cheet tbe YOIUJIU 1Deta1Df IJICIIIl 
&.UbraUOD n.lua at Clle tllld ,_- llriar 
o sa.mote collecdoa.. Thae ~roeedUnl U'l 
'OtloaaJ tor tlul user. 

4.4.1· lofor.or OrUice Cbeek. C'sm. Ulo o:aJ1. 
• ration data - dlll'IDC Ulo callbratloll 
•rocedun deo<:rtbM ID Soe&Joa U. dltoto 
:Una till 6lle for Cbe ....._ mcom ort· 
ice. Tile 6lle II tiWt orlll<e PreiiUIW dllf .... 
ncl&l ID Ull.l&o or ID. ILO Ch&l correlll&ao co 
.75 ctaa of a1r a& s:zrR and 21.12 in. 14 
be .1llo il ca1cu.1a&ed u tollon: 

6lle•O.OJ11 6.11 

-,_. 

.lJI•Areract pretlute cSJfferenU&l 6CI'DII 
t.he onttce meter. m. H.O. 

T.•A..ta.olute &verac• dr7 PI mecer umper4 
a&un."R. 

Pw•Barometrtc presaure. ln. S.. 
e-To<&l -Pilnrtlmo. mia. 
T•Drt 1&1 mot.or calibration tac<or. dlDIID· 

Jloni-
Y.•Volumt of cu Sllllple u meuund bJ 

clr7 au mot.or. dl:t. 
I.OJit•<O.ON'I U1. &/'Rl x <0.75 ctllll' 
Wort ~ tile field cac <a II& of 
lllnl nmo uaualiY cono&ltu .. a llold *'l· 
_.... tilt me~ IJ'ICIIII U.e. pump. 
YOiamo -t.or. and orUlcel at Ulo 6Jle -..,. clltforentl&l for 10 llllnUI& Kocord Clio 
- coUteted. tile dT1 ru aaocor tom-· ....,... and Ulo blromotr1c p,_,.._ CU:u· 
- a ~ 1&1 mocu calibration ehoct ftluo. 
1'.ulOUOWI: 

'!',.- "" 10 [0.03U T.J 
. v. ·-

Eq. 5-10 -

U'le !oUawtftl leiJt-chtck Procedure 11 lUI· 
lftcecl: ma&e a lO.mmuw c:&1.1brauon nu::a at 
O.OOJ'Tm •tmtn (0.02 ctml: at tne md of the 
nan. u&e tbe dlllennce of thr meuund 
Wet c. mewr and dry ru mrt:er volumes; 
cll>ldo till dltfonnce by 10. co ret tile leal< 
rue. Tht Jn.k rate thoWd noc. exceed o.ooon aa 'IIIIID co.o2 c:tml. 

AICor MCII field UN. Ulo calibration ot tho 
DIO- IJIWDI lh&U be Checlted b)" P<T· 
fOrmiDI' t.hno calibration I'Unl II& a IUI•Io. 
1D~I"DM1''" OI'Uice Mttlnl lbued on Lhe 
pre...,.. field Ctltl. Wltll tile vacuum - at 
Chi IIIUimum n.IUI roached dun.,. till cat 
aert& To a4JUR the ncuum. inlert a 9&Jve 
betwND the wet tilt mel:er and the lll!tt of 
&ho aaecorm. mco111. C&lcul&t.o "'" •••ran Y&luo ot tiM callbratiOD lac<or. U till call· 
bratloa bat cbanlecl lor more UlaD I -· ....._ ncallilra&e Ulo mow- ovor tiWt full 
....,.. of orUJoo MCtlop. u ouUIDod ID 
APTD-OI,L 

AltorD&Cift procldurea. t .•• -. tbt Or1• 
nee llllter -alclonco. III&J'bo UMCL IUb)ICt 
cotlll~oltllo ~-

Memo: u tiWt clr7 .., mocor cootndoDc 
Y&lu• - blfon and a1tor a cat 
oen• d111or bJ' more UlaD 5 -~ tiWt 
eeoc - aball lltbor be •oldod. or ~ 
uoao lor *' eori• lhall bii>OI'fo:mN uoiDir •hlcb- - coeffldont value ILL. 
blforo • after> IIMI till lo1ror Y&lue of 
COtalOIIIIPle ... lllllla. T.•:::.=..:: calibration chock ftlue. u.s Calibndnn Prtar Ia Uoe. lolonlll 

11•11--Ofi'IUI t1mL IDitlaJ-Ia doo fteld. doo IUtonq 1)'-c:-n tiWt T. ftlue wttb tbo 11r7 1&1 IliaD bo allbnlld u roUowo: Coaaocr die 
- ca1lbra&loD laccor T 10 dotermiM ..-... .,.._ IDiot Ia lloo OUdll or I -
- ~~-~t~~lala..,\hioll-~ Ott <Y~<LOIT Retor iii,.,.. u n..- IIIIIDO:et -.w It tilt T. Y&luell not WIUIID tbJo ....... tiM ba ... ICOJ*II)'of:JO U_/..,(1 111/..,~ A - .....-m. .,....,., lboul4 bl IDv-. ~o/4111 u- (14 11-'l ar aaon 
..... blfan boll""'"' tiM -. capedtJ,., oqainloaL mar bo UHd far dlio _ _t.U-CaJibratica~Ucol.onlleo.-A--------ealilnti&-oltboqln--~ il-"---
colilonlld c:rtllcallllillc:o. callbnlld orolnolo -a,..,. pncUP' n..---
---ar opifomoWIJid flosltnod 10 ohoold bo porlod!rallr c:allbnlld wtda a bl- II lite mill of dot umplinl 11111ar opinJaiiW ar a llqaid dlop........,t _,. 
loa. •r bo Ulld u a qullty oonlnll cbedo ..,_. doo occaracr of dot--~~~-. 
"' ......... lite proceclate ol~ 7.Z. Spb-•-lilt-ofolhor-L ~ aa&J bo aod. pnmdl<l dotl dot opocillod 

Jf:W•Ia & l&bora&o17 IOC of an call- oc:canc:loo of doo procodvo oro IUillt&IDoll. - R1111 lite -lfiDIIJ'IIIm- far oboulll 
U Prallo ll'c.lo. PI"'bl -· oball bo lllilwlll Willa lite orifice IIWIOIIlltor -n od blfon Ulotr IDitl&l - ID tile illdlcatiJolalllldiu 11od1Joi u oxpoctod Ia 

-. V.. a --· .........., tile llold-!Oollowlltepvmp!O.._IIllaad _.-of till- ta Clio~ to permit !be .._..naco oldot--
• --.. --.. 10.001 ID.l. - tbNe - ......... bo llloraqltiJ-Thea.··-= ca -. d111orut _...,.. ora-... ollbrooori!eo!IWIOIIIOiar - -=-:s ~::..:.n::::.: = ~:!.~ ~ u-quutlty ofpa 111111&111 low Dumbon lhall DOC uceocl 0.1 -•"lA- -.toot IDIIIt ud DOiatlM PI 
- ·- ID.l. Wblll -· boco!DI YOillllll illdlc.ltecj by dJe Gl)' fll llllllt. Allo - -ceo!. or corrodod. tlleJ oball bl noto tho bolo~~~elric p1111un. and tho ~ &Del recalJbr&l.ed temperab&r'll of the wet tat mtltr. the iDJ11 
- ... Each nozzle lh&U bl porm&DOD'- or tba dry PI - ... IDd tho oudot or dte dry IJ' ... omiQUIIJ' identl!lod. JU Dllllr. Slloct tba hipoot ODd iOWHt U PICOt Tube. Tht T:n>~ll PliO& &ubi u- onfico 11ltillp to bracket tho oxpocted Sold IIIIMirlh&ll bo callbra&ed ...,.,,....... .. ...,. oporolillf IIIIP or lloo onllco. u .. I -Ill I II OUCliDod ID lleetioD 4 of Metbod voiWIII al 0.11 .. (5 d) It o0 orillcllltllllp. 
2. Rocord oU dte data oa o rona oimtlar to 
U ·~ i!IJ'It.IDI. BolON Ill IDIUal Fl .... U. ud caicoWot• Y.lloo dry Jll lllelar UN • 1111 tlold. tilt lilt~ IJ'IUIII oball calibratiDD factar. IJid Ali•. lloo onftco be - oa:ordlnl 10 tilt procedun outJi11B m AP'tD.oS'J't. 1Ntn4 of phYiie&l· calibndon ractar. at etCh onftce MftJ.n.i •• 11 MJ11C1n1 t.bt clrJ IU meU!I' dJ.&1 re&dln.. thown oa F"tJUN 5.1. Allowable toler~ncn for 

to C.WSOODd to the wet ust meter read~ l.ncliVidual T aad ~·· v•luea an IlVIa ID i1111. tallllratiOD Jac<on III&J' bl liNd 10 ""'" U. UN tho ovonp al tba Y vol1111 ia m•'b-'"etny COIT'I'Ct the IU meter clia1 the caladatiOnl ia Section I. ..._ to tilt prop..- n.lua Before call· 
...._ Cbllllot.lnq IYICIIIL It iiiUQeocod 
Cbol & ii&IL<hoct be COnductod. Par IIIIWT• 
... _.., b&VUII dlaplu'&I'DI PUIDI>I. CliO 
- ii&IL-choek pracldun Will DOC -...._ WIUIID Clio pump. tor til- ,.._ 
U& Sf&-TIC»>AAY ,,..m_ .. ~tNO JE'n<ICS 
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BE!ot~~ c.aubratlniJ the me!ennc system. 1t ts 
tt:Qe11ttd !.bat e leait-<htck be conducted. 
For liBtUenn.g system• h&VID8 dtaphracm 
;tun:;n.. the norma! leak-check procedun Will 
not ce!ee1 !eakaqu W'ithtn the ~wnp. ior 
tl".eM :.a set t.."te followtng leak·C.."'rtdt 
Pt"Xt"C.L."'' :1 sug,sested; make a lG-rtU.D.ull 
cahbrl:uo!'l run at 0.00057m 3/man (0.02 cfml; 
at tbe end of !he run.. take the diffenrnce o( 
the ~~~~eas1.1J"i!Kl wet test meter and dr)· su 
mew volumes: ciivtded the differtnce by 10. 
to pt: me leaic rate. The leak rail should not 
exc:ncl 0.00057 m"/mm (O.OZ tfmJ. 

s.J..Z Calibration Alter Ute. Alter each 
filed...._ t.be alibration o( the metartna 
sys- shall be checked by performina th'"" ealibraoon runa 111 a single. intermediate 
cnllca .. ttws (baaed oo tho proviouo ftold 
tescL .,tb die vacuum 111t at tbe muimwm 
VU. necbed dwing the teat terin. Ta 
edtusl tM ncuum. iftHt a valve bttwHI'I tbe 
- - .,....,. IUld tho inltt of tho motoriD!I 
S)"'UUI&. Cakulate the avltlp vaJue of tbe 
dey po-caUbnU011 factor. U tha val.., 
hu diaJ1Qod by more thao 5 po....,L. 
rocati!orate tlut motor ovor tho lull.., .. of 
i>rili<a ooti!Dp. aa proviouo!t<leteilod. • 

AJ....,.u..., procodum. •·II- rochockina tho 
cnft011 - c:oelllciont may be um!. •ubiect "'t1ut _,.!of tho Admilliotntor. 

s.3.JI A=oplablo Vati&Uoalll CailbroUooo. illlao .., po metor coafllcleat volu .. 
obWaool bofotw and ollor a test Mries dllfor 
by ,_ lhasa 5 pon:ouL tho 1111 Nriaa ailal! 
oitllar ... voide<l. or calcalaUou lor tho tal ,..- - dlall be potformed lllinll whichever --m.amt volue (La. baloro or allao! 
·- llao loww vel"" of tA:Itell&lltplo val..,.. 

11.4 ,_Hooter Callbratioo. Tho probe 
healillll- oholl be eollbroted belorolto 
!aillal- Ia tho ftekl. 

Uoe a - "'"'"'" to ,....., .. lit basted tAl eelocood -"'""""!hot approldmate thooo upociiOOIIo GCCur Ia tho _,.,.. lo be 
.. phd ...... thiJ lit lhroqb tha probe ••• 
~-.pia flow ratowllllo .......nna tho 
pn1ba iolst oao1 oudei tltDpot'IIIIINII at--
pnlba ......... OC!tilnp. For ooch air 
101!1$ -opm .... tad.CUftllnlctOIJI'IIphol 
pnlba -liiiii•YB'""' -·....,.. probe oudot _.......,. Tho ,..cod""' Olllllz>od Iii 
~ .......... be uood.l'lobao 
CGU U ! actOI'tlina to AI"''D--S8l D8flld 
""' ... Cllllib<atsd il tho colillratia-"' . ' ~ ..... uoeol. Al8o. ........ wtllo ...... _ ,-:;: 
taw; .... IBID'IiitoriDS CBpabf1111P 6J llllil'""f"" · ... 
roquirrt -ti-Ui ~..,...a.-. v ... ~~>o _. 
dunol!ol!leetloolUOf:lll:-210-
llo·IR&dt .................. - Dl&lll>mDolll-........ - ....... UNC~r...ll>odr711&1-
IUMI out.let. ohall ba -~ _..,.,.,.IJo-BJul .,..,., .......... u 1.a1< Cba of w...,u.c s,_ 
Sh"""" iiB Plilun 11-1. 1'bo& IIOI'tlOII of ll>o Mml"'._ VU>- 11>o- to 11>o orllloo ...... - .... leoJ<- prl« "'ID!U&I 
- ---_ .. t.oollolt atlaO' tl>e - ..m ....Wt ... loa .... ..,. IIOIDtl .... - ..- 111 ~ """'P'e<!. Tl!o loU....· 

•• 1a. M 

Averate 

P1gunt1 lUI l!qyfOmMf arrangement lot mer~ 
I'VI1'"' e.alibratiOft. 

·------~'--------4-------~·~h~ .... --~~ I '•'· "·· 4601 o.=u •• ~· I ail Pi I teo • iUJ • I ',..{'• • rr.n h, • 6!0 I 
I I 
r 

" I 
~' ~ 

~ I 
I 

v • R.n:te If re.Gtlifl flf "" &lit lll!l&er te r, ten aet.~W; w1wmACe fw iflldlvtdilt41 wa1tm :,Oo02 fl"'l!ii li'lfl'l"''tii~ 

&He • 011ftce Pf'tt.SUIII"'U stff~tal v:r.ec &'OU:Itts te OG75 cftil ef atr t Mev &M Uotl f!!iiCAH ef ~. Ia. ltzO;, &ehtrMCII I'W tee1vtCuolll V&IIIIH :!J.:O fra G'VV'flt8 .. 
Ff9i~Rt loCo lta•1• data ~ f't!pp cal ffiractse ef seCJWts; .,., ... C!Rgltsa ts~r~v.sa .. 
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IDC _,.. • IRICIWf.ocl <Ill P'lcuro 5-4>: 
C'loll the ~~~am ft.ln on th~ ·meter box. 
INort a OM-bole rubl>er ltOP- "'th 
ru-r tubiDC a&aCbecl Into the 011flct ••· 
- ptpo. ~ Uld vent the-
of tho Ol1flct --·-· Cl- off tiM loW 
- ol1flct tap. _,_ the •- 10 U 10 II ..., IS to 7 11>.1 ....., column b7 bloW· 
tnc Into the ,_,. tubtnc. PIDCII off tho 
tubilll aDd ot11en-1 UM manome~ for OM 
aunuc.e. A lc. o1 preuure on Ult manome
... lncllcaa.l a 1oM In tbe meter boo; le&kl. 
If ......,.L must 1>e cornctecL 

•. ' B&rometer. C&llbrate ..,..,.. & ...... Clll7-..... 
I.C~ 

C&rrJ' OUC "te•lttfoftl. Nt&tnlnl &C leu& 
one es:tr& dec:lm&l t1pn beyond that of tbe 
OCQwrocl ci&&L Round off flcura &.Iter t.11o 
/IDa! calelllatJ-. Otbor forma o/ tho -
UODI11Ja7 bo ..- u lone u tbo7 lin oquJ•· 
&lent raultL 

11.0.1110 TUa.G 
UITIL IIAIOIIUEII 

IIUOS I TO liKIIIS 
WATIIICOL._ 

OlllfiCI 
IIAIOIIETIII 

1.1 lfomenc:Jatlll'l 

A.•C'roa-MCtion&l area of nOZZle. m• Cftl). 
L• waur vapor ID the IU stream. propor

lloll b7 ..,lumo. 
C.•Aoteone tll&nJt residue concenuutoa.. .......... 
c..•Cooeeauutoa of Dll"tic:u.late matter in 

IUd£ pa. dr7 bUlL COrroetod 10 Jt&ncl· 
ord conciiUona. I/ diem <cldletl. 

I • PerctDC ot i.solrJJledc samol.lz11. 
l.. Muimwn acceptable ltt..klp rate tor 

ttc.llft' a pntest lea& cheek or tor a leu 
dllc:t rouo.n.n. • component ch&np: 
eQUal 10 O.OOST lll'/mlD 10.02 cfml or t 
pereenc of the averace .s&mpU.n• ra.c.e • 
Wtuchi'Ytt. 1.1 Jl8. 

.c. •lzldlnclual leuaco rate ob&o"ocl ciiUUJC 
tiM loK cl:leck conclu....S pl1or 10 tho 
'"f"""' component c:ba.l1p c' •1. 2. 3-"'· 
"'''""" lcfml. Z.•!.ooi<aP ra.:. oboerrocl ciiU\Dc tho DC*-
teoe loK cl:loc.l<. m'/mlD lcfm>. 

••TDC&I &IDO\ID.C of P&ntcul.a&e m&Ctef' COl• --.11.-llolocul&r welellt of wator. 11.0 C/C· 
11101e UI.Oib/11>-molo>. 

""•llall of residue of a.cteone Uttr ..apo. --.P-·Baromecrlc Ptell\&ft a.c tht sampllDC' 
lito. lllllllle liD. llel. 

OIIIFICI 

IP& ITATICINARY ICUilC€ IAMPLINO MI"IHOOI 

-111 1·1 REV ' -Ill 

F-82 

1', • Ablolute staa. PI preuure. mm Rt 'Ln. 
lie~ 

I'.,..•SC&ad&nl &bloluce presaun. Teo m.m 
lie 1211.82 Ill. lfcl. 

lt• lcloal 1U COftlt&O~ 0.01231 IIUil lle·lll'l 
'11:-c·IIIOio 121.11 ill.lle·fi'I"R·Ib-1110101. 

r •• ,u.ohac.t aven.n dr7 ru naace.r temper. 
aturo <111 Plcuro 1-Zl. "II: I 'Rl. 

r. .. Abloluca anrap scac.ll: PI ttmpeJ"&Cure 
,_ Plcun s-21. ·x I'Rl. 

r -·.stuw:latd &bloluta tem.,.ratww, 213• X 
<S2r AI. 

V.- VolUme of acetoat bl&n.L m.L 
V-•VoiWM of ICICOill Uled tD wuh.. m1. 
V. • TOC&I YOIWU of Uqutcl coUO....S ia tm

ptapn 1114 1111ca lti ,,.. Plcun 5-J>. 
O&L 

v •• VolmDe of IU sample u meuured bJ' 

dr7 tu -·· clcm Ccllcf>. v...,.. Yolume of PI sample meuured bJ' 
t.bo dr7 .., lllltU. corrected to st&llllud 
.....,.._,.,diem lcllcfl. 

v ... -.volume of wuer npor lD the cu 
-. cornctoc1 to stanclord concu-
--laefl . 

... -.., nlocit7. c&lcul&ted b7 Mttbocl 
2. llnaa&loa 2-1. UIIIIC elate obt&Jnocl 
h-am Mechocii.IB/100 llt/10Cl. 

W.• WetcM of J"'S&dut La acetone WUh., JllC.. 
F•Dr7 IUIDHel' c:&Ubntton factor. 
.l.H·A- llftiiW"I cllfferenUal ...._ 

t.bo orUiee .,._, 1- P'lcun 1-Zl, IIIDl 
B.OUILB.Ol. ,..OenaltF of ocetooo. lllC/1111 ~- lallol oa 
boe&lol. 

VACUUM 
GAUGE 

AIII·TIGHT 
PUIU 

I 



I 

I 

-· 

P....,. 0ef'l3ll:tY of water. O.H82 f/m.l t0.0022tH 
lbtraU. 

• Tot&l sam.euns ume. nun. 
m.s&lzlD!.i.nl ~e ~r.erval. !rom the bel!1n· 

rune or a :"Un u.nul the Hm component 
.:-n.ar.~re. :"5:!'\. 

e, ... Sam;:t.~.J.nS :;.::~.e r.nterval. ~t•een two sue· 
cesune ee:=pone:n cna.cces. ~ms 
W'lth the ..::terva.l between :b.e first and 
JeC'OCd. en.a.naes. nun. 

e • ..,. S&al.oLi.nl :.:me antel"Y&l. !rom the fl.na.l 
c ft .. , eorzu)onent eil&C.Se untll the end of 
the SII.E!lCII::Oif' run. m..J.n. 

13.1 ... S~ic r.avu.y of mercury. 
so ... Sec· :w.n. 
100 ... coa.vel"!lon to pereen.t. 

e:.z A~-e c1n ru meter tempen.r.ure 
IU'ld aven,se c nt1ee pregure clr'OP· See dar.& 
Sllee< <l"'cun 5·21. 

G.l 017 Gu Volume. Correct the samola 
volume seuured bY the dry rru meter to 
st&lld&.nl coDd.iUOM ( 20"' C. 160 IWB HI 01' 
ea• 11'. :zs.s: 11>. !!£) by Wlinl EQuation il-l. 

K. V Y 
P,.. ·H U//la.G l 

:IIIII I II t. 

.. h_ 
m:..o.- ·~t~mml!l for me<r1c umla 

alT.N. "R/11:1.1!1 for DlsUall lllll!O 
Non: ......,_., 11-1 osa bo uoed .. omttet> -"""' 1-rata oboorml 4W11>1-ct f.be pn=troi"J' leak Ch8diLa (LL, the pose,.. .---··1---pfteor"' _,, _, -- £.,. u 

E.. lllf • £.,. EQ...aoa il-l "'""' bo 
'"odil'te!f - fGI.IcrWiil: 

(G.) C.. L N'O C!X"PODEDt ~ ID.I4t 
ciWIZIII ........ ~~n~r ....... IIi llilo ..... 1"011._ 
v. 6D Eq t!m 5-1 vtt.b &be~ 

ll'o-<1.-l.ollll 
<laD C:raa n. OM or III1Gft eomr e 

~-- tbo --""'"IIi tlllll .................. v. lllll:liY8Ilon 11-1 "' tbo --
[v.-u .. -L.lft 

• -:I: (t..-l~)t,-11 •• ,.,: 
....s ....-...... only for--- ......, 
u .. ""~ wtw:h txeee<l £.,. 

tl-4 'lfcolume of _,... -· 

litq111&&ieaioo: 

,-.. --~· .. (:it)( Rfo";)-tc,v .. 

-sne": 
1f1 •0.001333 ~"~''"ml tor metne urut.s 

... 0.0470'1' ft 1/mJ tor E:n~~t1J.sh u.ruts. 
e . .S Moa.stun Content. 

Equattoa. s ... :a 
N'on: In saturated or water d.roplet·laden 

pa sU"e&&fii. two ca.J.cul&UOM of the moas
ture content at the stafll: Pll sha.ll be 1'11Ade. 
one from the unPLn&er IU1&J.r.u.s <EQu&~!on S.. 
3> a.nd a. second from the a.s.sumPtiOfl ot 
sa'u&nced eond.ltlona. The lover of the two 
vaJues of & ah&U be con:ndere<t eo_n-eet. The 
proce<tun tor cteterm...in.JJ:11 the moUJtunt COD· 
tent baMd upon a.s.uumotton of s&&un.&H 
cond!Uons 11 pvm In tho Noto ol So<:Uon 1.2 
ol Method 4. !'or tho p..._ of IIW 
method. t.be aven.~e au.ck ru t.emPGratW'CI 
from PltWe ~3 mu bo u.se<1 to lUlU! 11i1o 
determln&UOD. provtde<l th&& tho """""""' 
of the I.D·at.&dt temperature sensor l.s :lG C 
(2. l'l. 

u AA:etono lllanl< ConeentnU""' 

·-11-4 .... c.---v..,. 

11.7 """''"'" W&.ah lll.anlt. w •• ~ v....... B:Qua&toc S...l 
c.s Tow ll"'ortlcuuA&o Wetslit.. D<o&ermille 

r 1><1 cow ~ catch from the """' of 
uu1 •etahta obt&Lned. from. conLI.L1:!8ni l lllDd 
2 1 ... t1oo -... bi&Dl& <..., 1'1.,.... w~ · 

Ncmo: Rot.,. "' llee&lcm u.s &o - "' 
ea1c111.ot1Gn of """'-'"' IDYOIY11le ...... Of moro 
filter ' "''ee 01' twO Ctt' l!lON !ililllPilDGJ 
t.riiiDO. 

1.11 ll"'ortlcuuA&o Concen....UOD. 
C::.aii.OOI fll"'f!l <.,.IV. -~ 111:4-

11-41 
uo emvers~aa !"octo"' - To - .. 

I T,!· ... ,,w P.,4 100 
11111 

f.,.u.IA ... P,OOil-H .... 

1\ T.l' .. u .. u 
""' ' P.\",."'"''' l- B~,, 

•l'lef'r. 
17.•4.330 tor metric wuc.u 

aO.OIH50 for E.ncll.ali urut.a. 
&.lZ Acceptabfa Results. lito DGrtffnt < I 

'110 perc.enL the rasu.Ju an aceeplable. 11 
the particulate rnulta ara low an companson 
to the Jtand.atd. and I ia over 110 pereent or 
lese than 110 percent the Ad.mwntttalor may 
ac:c:ept the multi. Citatioa 4 ia lhe 
bib!Jo;raphy oectioa C&ll bo u.ao4 10 mako 
"""!liability l•dllftlool.a. If Ill judtte<l to oo 
-lablo. rojoct tbo pattic:ulato ,. • .z .. 
ud repeat !be IHL 

1.1.1 Slack C.a Velocity and Volwne<ric 
flow Rate. C.alculalo tho ........ ot.ack a•• 
-1)' ud woiWDelric Dow role. if oooded. 
..... d.ala oblalnod illlbl.a method and tho 
GQUtion.a ill Soctlou U a.od 5..3 of Molhod z. 
T.Alkm&t!N - ..... 

U DOT 0.. ~ole..,. u a Calibration 
ll&aud&rii.A4rfcu.....,....,bou.aod ... 
- &tallc!MI ltw 1'0IWD41 ., ....... 
...,.,.. Ill D._ of tbo - I8IC mo<or IPOCI· 
1!011 Ill SeeUon U. provtclecl Ula& it II coli· 
- lllltl&l)y ODd ......u- portOCik:ally ufalloft: 

T.U lltol!dard DOT 0.. llo!OW" C&Ub..,.. -f.LLl Tbio dry ... ,_, 10 bo eollb"'tell 
liUlld1 uucl' U & IICQDdAf1 Nfereai:e meter 
- bo at hieD Qualilf ODd 1\awe an ac>
PiUiR ·areiY aaecl c:aoaa&r. e.e.. 3 Ut.entiYV' 
111.1 It 'I,..L A .__ <tOO u ..... or 
-~~.·or~mubou.aod 
for IIW Clllllrotlaa. ·~ a - ,_ 
-... II ......aur """" PhOCI'""I Tile -- ...,.. -.w b&ft a I\IIIIOdtll' of JO 
lll&nl,.. <1 lt•t,..l "IWd """"'"' of --ifltuw• .....,_ 10- :LD -t.: 
----bo--• 
.....-wall41ddd'sp' x=entmetatc 
_,. t.be wwwi:v"Ol t1:ae 'Rt tat ~Mta~r. 
$4id:UW&tal ar 1Pa& &u& IBOtl:nl of other 

• llilrll aar M uad. paucl1 1 Cba& t!le sped .. 
w '"'=---"" O.D21D& &d u MN. cd tbe. SW£ ,,,.. .are JZI&iA.. .,.. trtR':---- 15.43.. tll&li8IL 
~ I'=:: . ~.· ar•. y~ ~~rw tbtt ; 11na u abOVD. 
~· ·r Ill......., Lt.. A--.. or G'laiftlaat.. ..!•!,_ ___ l.!lllii!!...---.!'I<I.Clllll~!--- .• 1111101' be -• ,._ of-t~ae--.....,. 

LU -C"t!r Vo.rtt!r&l. IIR tbo ·-. JluD tile.- flllf a& leu< 5 
8.11..1 ~ li"roon !!.&• O&"'- ~~~~au• u alloor.,... of -10 Utent..w 

r- v. r 
100 f'.UI4 ll'w•l t /f'olll' .. +o>.H/13.611 

........ 
£·0.- """' l!l-100'/llil-"111: lor -aO.-l!l-ll.'/llil-·lil.lor 111:411-

lloh 111>1&&. 

uu ~ ll'ro"' 11!.--.o 
Vol....,_ 

CUI dW io OOIIdlt!rli -the f&ltcncr surf""" 
., tbo-- ........ Tbio ........... drop..,. 
~ 11f tbe l!tfn'llllcet" at tbe ID.let 11M 
el t,be cll7 ps meter 8bouJcl be mintmjzt(j 

l!oll - tbon 100 """ RoO It II>. l!l.ol .. a llmr rata at :Ill Utorotmln u ctuul. nu. 
.... bo -pllohe<l bJ I!.IIU14! l&rtie - .. 
W tu111111 .........U.n.a ODd ~li& ptpo II&· -. 

EPA en-·-··-- •WIICII: SAM"i.lllll -
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1.LU CoDoc& lbt - u llboWII 111 t.ho 
n•mple - aboK (- 1'11ww WI. Make 
~ ""'" "' - ot lbt l1ow I'&Cel and u 1111 s- tbaD n.. diU"""' l1ow I'UOL Tho 

IAfl·._------------------------
.. , •ullffl8 -~Jmutll~· .... ------
UO-TIUC -·1"" ...... 

fiWIIAtVOU 

U·TUII 
IIII.UCIJI'!'IA 

ranre of now !'&Col should be .......,. 10 
and 34 Uten/ruin <0.3S and 1.2 cfmJ or onr 
the expected operatinc rante. 

------ ···---.. -~--. --.wn»llll'O -----~--- ·JFifiiWidi .• , ..... OOYIAI .... a••an 
flOWIATI 

Iii ... 
.... 
... 
... 
, .. 

Ul· 

Mtr•n• lllnl ... _Til 
IAIYil- ¥1\- !IIIT.TUI 

If~ "*~ • ... 
Ill ,J ., 

' 

• • tJJI .~.__!L_ 
8 ....... 

IIUT ... ., 
MUll 

II fliT AVIIAII POIJIURI TWI ..., 1141 16ol 181 ., ., 
~o.Mze ... . .. 

'• '" ·-.. - . 
.. • 6'1 in 

FliW MIT II 
UTI lilT II .. CftPFICIIIIT ... ''"" 

. . 

L....-··· ... 

AVIIAGI 
MITU 

CatJFICIIIT ,,.,, 
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METHOD lA 

Afe~.~=C :..-i.-Sc::::;ie .;_"'.a" !/ei:Jcuy T:-cvet-ses 
for Sta::ona.-y Sou:·ces wirh Small S:acks or 
Ducts 
1. .A.pp!icab1!i:y ar:d P:-inc.:ple 

The applicaOility and principle of this 
:ne&.od are identical to Method 1. except its 
applicability is limited- to stacks or ducts less· 
than about 0.30 me tat {12 in.) in diameter. or 
0.011 m' (113 in. 'J W. cross-sectional area. but 
equal to or greater than about 0.10 meter (4 
in.) in diameter. or Q...0081 m1 (12.57 in. :I) in 
cross-sectional vea. 

In th~ne small diameter stack! or dUets tl:s 
conventional pilot assembly {consisting of 11. 

TypeS pitot tube attached to a sAmpling 
probe. equipped with a nozz.le. and 
thermocouple) blocks a sigruficant eros ... 
section of the duct and prevents a true 
ttave~e. Therefore. for particulate sampling 
in smallstacb or ducts. the gas velocity ia 
measured Uli.q a standard. pitot tube 
dowrutrum of the ac:twil emisaioa testi.n; 
mite. The strai&bt nm of duct between the 
samplina and velocity meuurement site<: 
olloww tho now profile.. temporarily distu:bod 
by tho proNDce of tho aampllna probe. to 
rodevolop &lid al&bW.... 

The ,....oedioDallayout 011d location ol 
trav"""' painbl &lid tho vorillcatioa ol tho 
obeence of cyclonic flow...., tho oama uiD 
Method L Sectioos %.3 ODd U. mpect!vely. 
Di.ffe.runces from Method 1. except u noted. 
lll1t given below. 

nn" 
DISlUABAffCE 

l..Procedun 
Z.l Selection of Measurement Site. 
Z.l.l Partic:ul&te Meuurer:nents-Steady 

or Unsteady Flow. Select a particulate 
measurement aile located preferably at least 
eight equivalent atack or duct dia.metet"ll 
downatrea.m ud tO equivalent dia.melef'll 
upstream from ey flow disturbances such as 
a bend& e.xpllUiiona. or cont.raction.s iD the 
stack. or from a vilibla flame. Next. l~te 
the velocity maaaurement :r.ito eight 
equivalent diameters down1tream of the 
particulate meuurement site. See Figure tA
l. ll such locations liU'8 not available. select 
an alteraativa partic:ulate measurement 
location at least two equivalent stack or duct 
diameters dowtlltream and two end one-ball 
diameters upstream from any now 
disturbance. Then. locate the velocity 
measurement site two equivalent diame[ers 
downstream from the particulate 
measurement site. (See Section 2.1 of Methoc! 
1 for calc:ulatina equivalent diameter~~ for a 
rectangular c:ro,..section.) 

l..U Particulats~Steady Flow] or Velocity 
(Steady or U111teody Flow] Meuurementa.lf 
the average total volumetric fiow rBII ill II 
duct 1s constant with rapect to time or if 
only velocity measurements are r&quired usa 
the N.me c:riteriou as in Section 2.1 of Method 
t. 

U Determining the Number of Traverse 
Points. 

Z.Z.t Particulate ~easurements {Steady or 
Unsteady Flow). Use Figure 1-1 of Method 1 
to determine the number of travene poinll. 
Before referring to the figure, however. 
determine the distance between the velodty 
and samplins sites and the distances to the 
nea..rest upstream and downstreiUD 
disturbancetil and divide each distance by the 
stack diameter or eQuivalent diameter to 
determine the distances ia terms of the 
number of duct diameters. Then. determine 
tbe number of travene pointa from Fisun 1-1 
of Method 1 co""'ponding to each of the.., 
th""' distances. Chooso tho higb01t of tho 
three numbers of travmte point& (or a greater 
number) oo that for cimllar duct& the number 
Is e multiple of four: for rectangular ducts un 
one of those numbers ahown in Table1.1 of 
Method 1. 

%.%.2 Particulate (Steady Flow) and 
Velocity (Non.Part.J.culate) Meuurements. 
u .. Figure tA..;J to determine number ol 
tniYOI'M polloi& followiDs tbe oamo procad""' 
used lot particulats tro..,... •• dncribed ID 
Secti011 Z.Z.l of Method L 

, 3. Bibliogrophy 
. 1. Same •• Method L Section 3. CltotioWI 1 
·through e. 
· z. Vollato.llobert F. Recommended 
Procedure for Sample Traverus tn Ducts 
Smaller Than l2lru:hes in Diaml:lter. U.S. 
Environmental Protection Agency • .Em.iasion 
Mee.surement Branch. Resea!'ch Tnangle 
Park. North Carolina. January 1917. 

--i-... 4----;;.111\-----o•-f-1----- ;;.ill\ ----"1 

STAUDAAI 
PITOT 
TUBE 

figure !A-1. Recommended sampling •rrangement for small ducts. 
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SECTION 1 

PROJECT DESCRIPTION 

1 ; 1 BACKGROUND 

The EG&G Mound Applied Technologies (EG&G) facility in Miamis
burg, Ohio contains a glass melt furnace for thermal treatment 
of hazardous waste. EG&G proposes to conduct a trial burn 
program to demonstrate the effectiveness of the destruction of 
organic hazardous constituents in waste feed. The waste feed 
will contain metals and waste constituents regulated by the 
Resource Conservation and Recovery Act (RCRA) . Through 
testing, the fate of the metals will be determined. 

The trial burn program will consist of two operating scenarios: 
( 1) treatment of a liquid waste with high heating value; and 
( 2) treatment of an aqueous waste with a low heating value. 
Each scenario will consist of three independent tests. Metals 
will be included in the feed during each test run. 

1 .2 PURPOSE AIIID APPLICABILITY OF THIS PLAN 

This Quality Assurance/Quality Control (QA/QC) Plan has been 
developed to detail the processes that will be applied in the 
performance of sampling, testing, and analysis activities dur
ing the trial burn. The purpose of the plan is to establish 
routine operating practices to ensure that all data generated 
during the trial burn conform to specific requirements for ac
curacy, precision, and completeness. This QA/QC Plan describes 
the organization and procedures to be applied for all testing 
procedures and analyses performed by the WESTON team during 
this program for the purpose of producing reliable data. 

1.3 SAMPLING AND ANALYSIS PROCEDURES 

The sampling and analytical procedures are detailed in Section 
6 and Appendices E and F of the Trial Burn Plan. 

1.4 DELIVERABLES 

A final trial burn test report will be submitted for regulatory 
agency review within 90 days after completion of the trial burn. 

1.5 REFERENCES 

References consulted in the preparation of this plan include 
the following: 

0174L 
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1. 40 CFR 60, Appendix A- Reference Methods 1, 2, 3, 3A, 
5, and 10. 

2. WESTON Quality Assurance Manual, ECON PM No. 301, 30 
May 1982. 

3. Quality Assurance Handbook for Air Pollution Measure
ment Systems, Volumes I and III, U.S. EPA, August 
1977, as revised. 

4. Laboratory Quality Assurance Plan for WESTON, October 
1988, as revised. 

5. Test Methods for Evaluating Solid Waste: Physical/ 
Chemical Methods, EPA, SW-846, November 1986, Method 
0030. 

6. Methodology for the Determination of Metals Emissions 
in Exhaust Gases from Hazardous Waste Incineration and 
Similar Combustion Processes, EPA Draft Procedure, 28 
August 1989. 
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SECTION 2 

PROJECT ORGANIZATION AND RESPONSIBILITIES 
FOR QUALITY ASSURANCE 

0 

Individuals responsible for implementing the QA/QC Plan are 
shown in Figure G-1. Their responsibilities are indicated below. 

2.1 CORPORATE QA/QC·OFFICER- EDWARD GILARDI, Ph.D., P.E. 

As Corporate QA/QC Officer, Dr. Gilardi is responsible for 
overall corporate quality assurance, for reviewing and approv
ing Division Quality Assurance Manuals, and for scheduling 
audits for selected projects to review their implementation of 
the quality assurance program. 

2.2 PROJECT QA/QC OFFICER - JAMES SERNE, P.E. 

Mr. Serne, as Project QA/QC Officer, is responsible for 
auditing compliance of the program with the plan. He will per
form periodic audits to verify adherence of activities to the 
provisions of the QA/QC Plan. 

2.3 FIELD QA/QC COORDINATOR - PAUL MEETER 

As Field QA/QC Coordinator, Mr. Meeter is responsible for en
suring the implementation of this QA/QC Plan as it applies to 
all field sampling, testing, monitoring, and analysis 'processes 
performed during the investigations. Specifically, he is re
sponsible for: 

e Proper sample container preparation and labeling. 

• Sample preservation and transportation. 

e Sample chain of custody. 

• Ensuring proper sampling procedures (i.e., analyzer 
calibration, isokinetic sampling, leak checks, cyclon
ic flow determinations, etc.) using checklist if nec
essary (see Attachment G-1). 

• Field documentation. 

• Field calibrations of equipment. 

e Onsite performance audits. 

• Accuracy of field calculations. 

Ol74L 
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2.4 FIELD INSTRUMENT CALIBRATION SUPERVISOR - KEN HILL 

The Field Instrument Calibration Supervisor, Mr. Hill, is re
sponsible for all calibration and maintenance of field instru
mentation and equipment used during the demonstration. All 
field instrumentation will be calibrated prior to use in the 
field and after completion of the field effort. Calibration 
data will be maintained on all instrumentation. Equipment items 
requiring calibration are: 

o Velocity measurement devices. 
• Gas volume metering equipment. 
• Gas flow rate metering systems. 
• Gas composition measurement apparati. 

The calibration records, which include device numbers, calibra
tion dates, methods, data, and results, are maintained on file 
at the WESTON West Chester, Pennsylvania, office and copies 
will be available at the job site, as appropriate. 

2.5 LABORATORY RESPONSIBILITY 

Laboratory responsibilities are those involving the performance 
of analytical services. WESTON's Analytics Division will be 
utilized to conduct specific analyses. The following responsi
bilities have been assigned for the trial burn. 

2.5.1 Laboratory Project Manager - J.M. Taylor 

The Laboratory Project Manager, Mr. Taylor, is responsible for 
meeting the project analytical objectives for WESTON's Analytics 
Division. 

2.5.2 Lionville laboratory QA/QC Coordinator- Dianne Therry 

The Lionville Laboratory QA/QC Coordinator, Ms. Therry, is re
sponsible for the quality assurance activities of the labora
tory. The duties and responsibilities of the Laboratory QA/QC 
Coordinator are detailed in WESTON's Analytics Division Quality 
Assurance Plan, provided in Attachment G-2. 

2.5.3 laboratory Section Managers - S. Durke (Organics 
Section) and L. O'Shea (lnorganics Section) 

The Laboratory Section Manager is responsible for 
day operation of the corresponding laboratory 
groups, including: 

• Analysis schedules. 
• Personnel assignments. 

the day-to
functional 

• Provide resolution of out-of-control situations. 
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G-5 



Section No.: 
Revision No. : 0 
Date: 
Page 6 of 33 

2.5.4 Analysts 

Specific analysts will be assigned based on their background, 
experience, and availability when the field samples arrive at 
the laboratory. The analysts will be required to perform the 
following quality assurance/quality control functions: 

• Maintain a calibration and maintenance notebook for 
the instrument they are using in an analysis. 

• ·Perform instrument calibration. 

• Record all data in bound laboratory notebooks. 

• Follow the Standard Operating Procedure (SOP) for the 
analysis being performed, glassware handling, and the 
use of proper reagents. 

• Report any unusual observations to the Section Manager. 

2.5.5. Other Responsibilities 

The duties and responsibilities of the following individuals 
are fl!llY desc:ril:>ed in the referenced Standard l'rac:tice in
cluded in the Laboratory Quality Assurance Plan (Attachment 
G-2): 

----· • --- -I.-an-Oratory -support coa:t:ar-r;·ranager 
• Document Control Officer 
• Sample Custodian 

0174L 
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SECTION 3 

QUAliTY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA 

3 . 1 ACCURACY 

The project QA goals for accuracy are indicated below. 

3.1.1 Reference Materials 

All reference materials used as calibration standards will be 
of the highest purity commercially available, generally 98 per
center greater. 

3.1 .2 Instrument Performance 

A performance check will be made daily on each analytical in
strument. Instrument response must be within criteria set forth 
in Section 6 for comparable measurements. 

3.1.3 Recovery of Surrogates 

The recovery of one or more surrogate compounds, added to all 
the organic samples prior to analysis, will be determined as 
follows: 

ng surrogate found in sample 
Recovery (percent) = X 100 

ng surrogate added to sample 

The equation assumes that the surrogate is not present in the 
sample. 

The mean and standard deviation of the recovery data will be 
compiled on a cumulative basis for each surrogate compound in 
each type of sample matrix. The goals for recovery of surro
gates are presented in Table 3-l of Attachment G-2. 

3.2 PRECISION 

3.2.1 Analysis of Rep I icate Samples 

Duplicate samples of the HCl samples will be analyzed as QC 
checks. The analysis goal for laboratory replicate samples will 
be a precision relative standard deviation of <10 percent. 

0174L 
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3.2.2 Analysis of Surrogates 

The relative standard deviation goal for analysis of surrogate 
compounds in replicate samples will be within the limits shown 
below: 

Technique: GC/MS 

Sample Matrix and Analyte: Liquid and solid samples 
for organics 

Precision Relative Standard 
Deviation: 

3.3 .COMPLETENESS 

<50 percent 

The completeness objective for this project is to obtain analy
tical results for >90 percent of collected samples. 

3.4 REPRESENTATIVENESS 

Reference method sampling and analytical procedures will be em
ployed to help ensure the representativeness of the samples. 

The factors which affect the representativeness of samples 
(sampling sites, sampling frequency, measurements system cali-
PJ:£t~9J1. p_:\:_atuf>J __ l'i<!I11Pling __ aru'i---<>nal_ys is ___ p_r..Qc_ed.ures_._and _samp_Ung 
equipment) are addressed in the Trial Burn Plan. 

3.5 COMPARABILITY 

All data will be reported in the following units, as appropri
ate: 

• Milligrams (mg), micrograms (ug), nanograms 
pounds of analyte per 1 iter, cubic meter, 
foot of original sample. 

• Pounds per hour. 

(ng), or 
or cubic 

• Parts per million by volume (ppm/v) or parts per bil
lion by volume (ppb/v), etc. 

Recovery information and the corrected concentration data will 
be provided as applicable. 

0174L 
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SECTION 4 

SAMPLING PROCEDURES 

Sampling and testing procedures will be as specified in Section 
6 and Appendices E and F of the Trial Burn Plan. 

Ol74L 
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SECTION 5 

SAMPLE CUSTODY 

All field samples generated during the test program will be 
closely supervised from recovery through analysis. Each sample 
will be assigned a predetermined sample code number onsite and 
sealed. Laboratory analyses data forms will accompany the sam
ples through the various laboratories; all test results will be 
recorded in ink in bound workbooks, certified and dated by the 
analyst. 

A chain-of-custody record will be maintained for all samples on 
forms accompanying the samples through the laboratory. All in
dividuals who handle the samples at any stage of the project 
will be identified with appropriate dates and times. A sample 
chain-of-custody form is reproduced in Figure G-2. A typical 
sample label is shown in Figure G-3. 

The Laboratory Supervisor is responsible for the EPA Reference 
Method sample analyses and for sample flow in the laboratory 
(see Figure G"-4). The Field QA/QC Coordinator is responsible 
for the integrity of the field samples until the samples are 
transferred to the laboratory. 

0174L 
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v N 
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' 

Time 
COC Record Was: I 

1 Present Upon Receipt 
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Sample Labels and COG 
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7-115 



~-
Section No. : 
Revision No.: 
Date: 

0 

Page 12 of 33 

PROJECT: 
SampleiD Date Time Sampler 

RFWt 

Comments: ·· 

FIGURE G-3 SAMPLE LABEL 
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SECTION 6 

CALIBRATION PROCEDURES AND FREQUENCY 

6.1 SAMPLING EQUIPMENT 

The following equipment items will be calibrated before and 
after field usage: 

• Velocity measurement devices. 
• Gas volume metering equipment. 
• Gas flow rate metering systems. 
• Gas composition measurement apparatus (Orsat). 

Acceptance limits are shown for each equipment item in Table 
G-1. The calibration records will include device numbers, cali
bration dates, methods, data and results, and will be maintain
ed on file in workbooks at the WESTON offices. Copies of appli
cable calibration records will also be available at the job 
site. 

6.2 CALIBRATION STANDARDS 

All calibration standards will be prepared from American Chemi-
c_al __ S_oci_et;y __ _{ACS.L _ _r e.agent __ g:r,:_ad_e_ ___ or bet_t e r _ __ghell\:L c a:J,_:;;__,__ _ _:I:'hg P!: Q:--_ 
curement of this material is the responsibility of the labora
tory. 

6.3 ANALYTICAL INSTRUMENTS 

6. 3.1 Instrument Maintenance 

Instruments will be maintained in accordance with manufactur
ers' specifications. More frequent maintenance may be dictated 
dependent on operational performance. Instrument logs will be 
maintained to document the date and type of maintenance per
formed. 

Contracts on major instruments with manufacturers and service 
agencies are used to provide routine preventive maintenance and 
to ensure rapid response for emergency repair service. Minimal 
instrument downtime is experienced through the use of these 
contracts. 

6.3.2 Instrument Calibration 

Before any instrument can be used as a measurement device, the 
instrumental response to known reference materials must be de
termined. The manner in which the various instruments are cali
brated will be dependent on the particular instrument and the 
intended use of the instrument. All sample measurements will be 
made within the calibrated range of the instrument. 

0174L 
G-14 



Apparatus 

Wet test 
meter 

Dry gas 
meter 

Thermometer 

Probe 
heating 
system 

Barometer 

Ol74L 

Section No. : 
Revision No.: 0 
Date: 
Page 15 of 33 

Table G-1 

Activity Matrix for Calibration of Equipmenta 

Acceptance Limits 
Frequency and 

Method of Measurement 

Capacity 3.4 m3/h 
(120 ft/h); accuracy 
within~ 1.0 percent 

Y1=Y:±:0.02Y 

Impinger thermometer 
:!: l°C (2°F); dry gas 
meter thermometer + 3°C 
(5.4°F) over range; 
stack temperature 
sensor ! 1.5 percent 
of absolute temper
ature 

Capable of maintaining 
120° :!: l4°C (248° :!: 
25°F) at a flow rate 
of 20 L/min (0.71 
ft3 /min) 

2.5 mm (O.l in.) Hg 
of mercury-in-glass 
barometer 

Calibrate initially, 
and then yearly by 
liquid displacement 

Calibrate vs. wet 
test meter initially, 
and when post-test 
check exceed 
Y+0.05Y 

Calibrate each initially 
as a separate component 
against a mercury-in
glass thermometer; then 
before each field trip 
compare each as part of 
the train with the mer
cury-in-glass thermometer 

Calibrate component 
initially by APTD-0576 
if constructed by APTD-
0581, or use published 
calibration curves 

Calibrate initially vs. 
mercury-in-glass barom
eter; check before and 
after each field test 

G-15 

Action If 
Requirements 
Are Not Met 

Adjust until 
specifications 
are met, or 
return to man
ufacturer 

Repair or 
replace and 
then recali
brate 

Adjust; deter
mine a constant 
correction fac
tor or reject 

Repair, or 
replace and 
then reverify 
calibration 

Adjust to 
agree with a 
certified 
barometer 
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Table G-1 

Activity Matrix for Calibration of Equipmenta 
(continued) 

Apparatus Acceptance Limits 

Probe Nozzle Average of three ID 
measurements of 
nozzle; difference 
between high and low 
<0.1 mm (0.004 in.) 

Type S pitot 
tube and/or 
probe 
assembly 

Stack gas 
temperature 
measurement 
system 

Analytical 
balance 

Differential 
pressure 
gauge (does 
not include 
manometers) 

0174L 

All dimension specifi
cations met, or cali
brate according to 
referenced- -ma-nu-a-l,- -a-nd 
mount in an interfer
ence free manner 

Capable of measuring 
within 1.5 percent of 
minimum absolute stack 
temperature 

~ 1 mg of Class-S 
weights 

Agree with 5 percent 
of inclined manometers 

Frequency and 
Method of Measurement 

Use a micrometer to 
measure to nearest 
0.025 mm (0.001 in.) 

When purchased~ use 
method in referenced 
manual; visually 
inspec-t a-f-ter each 
field test 

When purchased and 
after each field test, 
calibrate against ASTM 
63°C or 63°F thermometer 

Check with Class-S 
weights upon receipt 

Initially and after 
each field use 

G-16 

Action If 
Requirements 
Are Not Met 

Recalibrate~ 

reshape~ and 
sharpen when 
nozzle becomes 
nicked, dented 
or corroded 

Do not use 
pitot tubes 
that do not 
meet face 
opening speci
fications; 

--~-~!_!" ox 
replace as 
required 

Adjust to 
agree with Hg 
bulb thermom
eter, or con
struct a cali
bration curve 
to correct the 
readings 

Adjust or 
repair 

Reject test 
results, or 
consult admin
istrator if 
post-test 
calibration is 
out of speci
fication 
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Table G-1 

Activity Matrix for Calibration of Equipmenta 
(continued) 

Apparatus_ 

Or sat 
analY-zer 

Rotameter or 
rate meter 

Acceptance Limits' 

Average of three 
replicates should be 
20.9 + 0.5 percent 
(absolute} or known 
concentration 0.5 
(absolute) 

Smooth curve of 
rotameter actual 
flow rates with no 
evidence of error 

Frequency and 
Method of Measurement 

Upon receipt and before 
any test in which the 
analyzer has not been 
checked during the pre
vious 3 months deter
mine percent 0 2 in am
bient air, or use a cali
bration gas with known 
co, co2 , and o2 con
centrations 

Check with wet test 
meter or volume meter 
at 6-month intervals or 

Action If 
Requirements 
Are Not Met 

Check Orsat 
analyzer for 
leaking valves, 
spent absorbing 
reagent, and/or 
operator tech
niques; take 
corrective 
action 

Repeat cali
bration steps 
until limits 

at indication of erratic are attained 
behavior 

aEPA-600/9-76-005, Quality Assurance Handbook for Air Pollution Measurement 

Systems-Volume III, U.S. EPA, Office of Research and Development, Environmen

tal Monitoring and Support Laboratory, Research Triangle Park, North Carolina, 

January 1976 as revised. 

G-17 

0174L 



~· 
Section No. : 
Revision No. : 
Date: 

0 

Page 18 of 33 

Laboratory balances will be calibrated annually and will be 
checked before use on a daily basis. A record of calibrations 
and daily checks will be kept in the balance log. 

Oven and refrigerator thermometers will be calibrated annually 
against a National Bureau of Standards certified thermometer in 
the range of interest. Annual calibrations and daily readings 
will be maintained in the oven and refrigerator logs. 

6.3.3 Personnel Training 

Prior to conducting analyses on an independent basis, analysts 
are trained by experienced personnel in the complete perform
ance of an analytical method. If instrumentation is particular
ly complicated, analysts may be trained at instrument manufac
turers' training courses. The analyst is then required to inde
pendently generate data on several method and/or matrix spikes 
to demonstrate proficiency in that analytical method to be per
formed. Results of this "certification" are then reviewed by 
the appropriate supervisor for adequacy. 

Since method blanks and method spikes are required routine sam
ples in every lot, performance on a day-to-day basis can be 
monitored by comparison with the original and cumulative data 
on similar samples. Supervisors and the laboratory Quality As
surance/Quality Control Coordinator are responsible for ensur-
_ing_that--samp~es_ar_e_anaLy__zed_by ... .only ___ c.ompe:tent___analys:ts .. __ 

6.3.4 Standard Analytical Methods 

General: Analytical methods are r-outinely conducted as out
lined in published sources (EPA, Standard Methods, ATM, AOAC, 
etc.). Modifications to these methods may be necessary in order 
to provide accurate analyses of particularly complex matrices. 
When modifications to standard analytical methods are perform
ed, the specific alterations as well as the reason for the 
change will be reported with the results of analyses. 

6.3.5 Gas Chromatography/Mass Spectroscopy 

6.3.5.1 Calibration 

Mass spectrometers are tuned on a daily basis to manufacturer's 
specifications with FC-43. In addition, once per shift, these 
instruments are tuned with 4-bromo-fluorobenzene (BFB) for vol
atiles. Ion abundances will be within the windows dictated by 
the specific program requirements. Once an instrument has been 
tuned, initial calibration curves for analytes (appropriate to 
the analyses to be performed) are generated for at least three 
solutions containing known concentrations of authentic stan
dards of compounds of concern. The calibration curve will 
bracket the anticipated working range of analyses. 

0174L 
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Calibration data, to include the correlation coefficient, will 
be entered into laboratory notebooks to maintain permanent rec
ords of instrument calibrations. 

6.3.5.2 Quality Control 

During each operating shift, a midpoint calibration standard is 
analyzed to verify that the instrument responses are still 
within the initial calibration determinations. The calibration 
check compounds will be those analytes used in the EPA Contract 
Laboratory Program's multicomponent analyses (e.g., priority 
pollutants and hazardous substances list) with the exception 
that benzene is used in place of vinyl chloride (volatiles). 

The response factor drift (percent RSD) will be calculated and 
recorded. If significant (>30 percent) response factor drift is 
observed, appropriate corrective actions will be taken to re
store confidence in the instrumental measurements. 

All GC/MS analyses will include analysis of a method blank, a 
matrix spike, and a laboratory duplicate in each lot of 20 or 
fewer samples. The matrix spike solutions will contain the com
pounds listed in Table 3-2 of Attachment G-2 and will be used 
for both matrix spikes and blank spikes. In addition, appro
priate surrogate compounds as specified in Table 3-l of Attach
ment G-2 will be spiked into each sample. Recoveries from 
method spikes and surrogate compounds are calculated and 
recorded on control charts to maintain a history of system 
performance. 

6.3.6 Spectrophotometric Methods 

6.3.6.1 Calibration 

Spectrophotometers will be calibrated prior to each day of use. 
Calibration standards will be prepared from reference materials 
appropriate to the analyses being performed, and working cali
bration standards will be prepared fresh daily. The working 
standards will include a blank and a minimum of 5 concentra
tions to cover the anticipated range of measurement. At least 
one of the calibration standards will be at or below the de
sired instrument detection limit. The correlation coefficient 
of the plot of known versus found concentrations will be at 
least 0. 996 in order to consider the responses linear over a 
range. If a correlation coefficient of o. 996 cannot be 
achieved, the instrument will be recalibrated prior to analysis 
of samples. 

Calibration data, to include the correlation coefficient, will 
be entered into laboratory notebooks to maintain a permanent 
record of instrument calibrations. 
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6.3.6.2 Quality Control 

At least one method blank and two method spikes will be includ
ed in each laboratory lot of samples. Regardless of the matrix 
being processed, the method spikes and blanks will be in aque
ous media. Method spikes will be at a concentration of approxi
mately five times the detection limit. 

The method blanks will be examined to determine if contamina
tion is being introduced in the laboratory. 

The method spikes will be examined to determine both precision 
and accuracy. 

Accuracy will be measured by the percent recovery of the 
spikes. The recovery must be in an acceptable range (based on 
EPA data for the method of interest) in order to be considered 
acceptable. 

6.3.7 Analysis of Integrated Flue Gas Samples for C02_Qy_ 
Or sat 

The Orsat will be leak-checked prior to sample analysis using 
the procedure referenced in section 5 of EPA Method 3. Ambient 
air will be analyzed to further leak-check the apparatus. Ac
ceptable values can differ by no more than 0.2 percent by val-

.... --urn e ... f'.r-Om--each-other-. .in.-t.r.iplicate-anaJ.¥ses _o£--the-s.ame ___ sample_, __ 

6.3.8 Gravimetric Analyses 

The analytical balance will be checked daily with Class-S 
weights. The response will be within 1 mg of true before pro
ceeding with sample determination. 
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SECTION 1 

ANALYTICAL PROCEDURES 

7.1 BOTTLE PREPARATION AND SAMPLE PRESERVATION 

On request by the Project Manager, sample bottles will be pre
pared by the laboratory and made available to the sampling 
team. The bottles will be prepared according to WESTON standard 
operating procedures and will include sample preservatives ap
propriate to the analytes and matrices of concern. Addition of 
preservatives to samples shall be recorded in field notebooks 
and on chain-of-custody forms. WESTON adheres to the most re
cent recommendations from the U.S. Environmental Protection 
Agency (EPA) for proper sample containers and preservatives. 

Following recovery, all field samples will be stored in a 
locked container under chain-of-custody until analyses are per
formed. Sorbent, VOST condensate, and other samples requiring 
analysis for volatiles will be maintained at 4°C until analysis 
is effected. No other special sample preservation procedures 
are required. 

7.2 SAMPLE PREPARATION 

The Laboratory Supervisor is responsible for the proper prepar
ation of standards and analytical samples. The analysts will 
prepare the calibration and spiking standards. All preparation 
data will be recorded in the proper analysis log books. The 
Laboratory QA/QC Coordinator will audit the analysts' log books 
for completeness. 

7.3 CHAIN-OF-CUSTODY 

Chain-of-custody p'rocedures document the history of samples and 
constitute a crucial part of sampling and analysis programs. 
Chain-of-custody documentation assists and enables the identi
fication and tracing of a sample from the time of collection 
through the time of analysis. 

When sample bottles are supplied by the laboratory, chain-of
custody forms will accompany the containers to the field. As 
samples are collected, entries are made on the chain-of-custody 
forms. Data to be noted include: 

'" Data. 
'" Samples. 
e Sample description. 
'" Client/program. 
'" Container and preservative. 
'" Analyses required. 
'" Special instructions/notes. 
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sample containers are also labeled with: 

• Date. 
• Sample description. 
• Preservatives. 
• Analyses required. 
• Client/program. 

When samples are received at the laboratory, the sample custo
dian will verify each and every sample against the chain-of
custody forms, note any discrepancies or losses of samples, and 
then sign for receipt of the samples. Samples will remain under 
the control of the sample custodian until samples are trans
ferred to the analysts for processing. Analysts will acknowl
edge receipt of samples by signing the chain-of-custody forms. 

A sample is considered to be in custody if it: 

• Is in the physical possession of the responsible party. 

• Is in view of the responsible party. 

• Is secured by the responsible party to prevent tamper
ing. 

• Is secured by the responsible party in a restricted 

7.4 SAMPLE RECEIPT 

Samples received at the laboratory are inspected for integrity, 
and any field documentation is reviewed for accuracy and com
pleteness. If chain-of-custody forms do not accompany the sam
ples, the sample custodian will initiate these forms. When sam
ples are received with missing or deficient chain-of-custody 
forms, the legal traceability of these samples cannot extend to 
the time of collection, but must begin at the time of labora
tory receipt. 

Chain-of-custody and sample integrity problems are noted . and 
recorded during sample log-in. The Project Manager is informed 
of the deficiencies and will advise the laboratory on the de
sired disposition of the samples. Chain-of-custody forms and 
deficiency notices are maintained in the client file. 

Each sample that is received by the laboratory is assigned a 
unique sequential WESTON sample number which will identify the 
sample in the laboratory's internal tracking system. 

References to a sample in any communication will include the 
assigned sample number to specify which sample is of concern. 
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7.5 SAMPLE STORAGE 

Samples requiring volatiles analyses will be stored in a locked 
refrigerator at 4°C. The temperature of the storage refrigera
tors will be monitored and recorded daily by the sample custo
dian. Sample fractions and extracts will also be stored under 
these same conditions. 

7.6 METHODS DEVELOPMENT 

When standard (published) methods of analyses are not applica
ble to analyses to be performed, methods can be developed to 
provide the desired information. However, the lack of a histor
ical database does not obviate the necessity for documented 
quality control data to demonstrate the validity of the gener
ated results. Reference material sources must be identified, 
and proof of compound identity and purity must be available. 
Instrumental operating parameters as well as calibration data 
must be documented, and specific procedures (to include sam
pling, if applicable) must be noted. Quality control samples 
(method blanks, method spikes, method spike duplicates, matrix 
spikes, and matrix duplicates) should be analyzed with greater 
frequency than with standard analytical methods to demonstrate 
the certainty and uncertainty of generated data. Exact require
ments for demonstrating the reliability of developed methods 
are normally dictated by the specific program. 

7.7 REFERENCE MATERIALS 

Whenever possible, primary reference materials will be obtained 
from the National Bureau of Standards (NBS) or EPA. In the ab
sence of available reference materials from these organiza
tions, other reliable sources will be sought. These reference 
materials will be used for instrument calibration, quality con
trol spikes, and/or performance evaluations. Secondary refer
ence materials may be used for these functions provided that 
they are traceable to an NBS standard or have been compared to 
an NBS standard within the laboratory. 

7.8 REAGENTS 

Laboratory reagents will be of a quality to minimize or elimi
nate background concentrations of the analyte to be measured. 
Reagents must also not contain other contaminants that will in
terfere with the analyte of concern. 

7.9 CORRECTIVE ACTIONS 

When an analytical system is deemed to be questionable or out
of-control at any level of review, corrective actions are per
formed. If possible, the cause of the out-of-control situation 
is determined, and efforts are made to bring the system back 
into control. Demonstration of the restoration of a reliable 
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analytical system will normally be accomplished by generating 
satisfactory calibration and/or quality control sample data. 
The major consideration in performing corrective actions is to 
ensure that only reliable data are reported from the laboratory. 
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SECTION 8 

DATA REDUCTION, VALIDATION, AND REPORTING 

The equations that will be used to calculate all results are 
shown in the referenced documents. 

8.1 CALCULATION PROCEDURES 

8.1.1 Field Calculations 

The several stages of data confirmation will begin with an ini
tial series of calculations completed on the same day as the 
sampling effort to establish that the pretest assumptions were 
correct and that the test procedures completed to that point 
were performed in a correct manner. This enables the onsi te 
test team to correct any faulty procedures and provides a 
greater understanding of the immediate problems. The Field Team 
Manager will assign the onsite data confirmation activities to 
an experienced field team member. 

8.1 .2 Office Calculations 

All data averages will be "double-checked" to verify numerical 
accuracy by an experienced technician. Prior to utilization of 
the analytical data for calculation of test results, a reason
ableness check will be applied to ascertain any obviously 
"out-of-line" results for reanalysis. 

All results of calculations will be examined by another indi
vidual as assigned by the Project Manager. Depending on the 
complexity of the work, this person will either spot check cer
tain calculations or repeat the entire effort as assigned by 
the Project Manager. When all data are summarized, a check will 
be made for test result reasonableness by the Project Manager. 
The Project QA/QC Officer will conduct audits to document that 
the checks are being performed and documented (with checker's 
initials and date). 

Most manual test data and result calculations are performed on 
a TI-59/PC-100, on an HP-41CX, or on an IBM-PC computer system. 
Standard EPA reference method programs have been developed for 
the system to ensure that correct equations are utilized to 
generate results. The programs list all entry items (for proof
ing purposes) and produce calculated results in hard copy form. 
Reference method equations will be used to calculate the con
centration and/or mass rate of each measured emission parameter. 
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8.2 DATA VALIDATION 

All data will be compared to the acceptance criteria of the 
reference method. For example, particulate tests must be iso
kinetic ± 10 percent to be acceptable. Laboratory data will be 
acceptable only if calibration standards fall within the estab
lished control limits (see Section 6). 

Outliers will be treated on a case-by-case basis. All question
able data will be scrutinized in an attempt to find a reason 
for rejection. If none is found, the WESTON Project Manager 
will contact EPA for resolution of the problem. All question
able data will be called out in the report. 

8.3 DATA REVIEW 

Data reviews are performed at all levels. The individual ana
lysts review the quality of data through calibration checks, 
quality control sample results, and performance evaluation 
samples. These reviews are performed prior to submission to the 
Section Managers or the Analytical Project Manager. 

The Section Manager and/or the Analytical Project Manager re
view data for consistency and reasonableness with other gener
ated data and determine if program requirements have been sat
isfied. Selected hard copy output of data (chromatograms, spec-

.. :t;~rSt •.. E;!t~---1~ wiJJ .b§~~r~yieweq_t_Q~~ensure that results are ... inte_t:- . 
preted correctly. Unusual or unexpected results will be review
ed, and a resolution will be made as to whether the analysis 
should be repeated. In addition, the Analytical Project Manager 
or Section Manager and/or Analytical Project Manager for reso
lution. 

The final routine review is performed by the Laboratory Manager 
prior to reporting the results to the client. Non-routine 
audits are performed by regulatory agencies and client repre
sentatives. The level of detail and the areas of concern during 
these reviews are dependent on the specific program require
ments. 

8.4 LABORATORY DATA REPORTS 

It is the responsibility of the Laboratory Supervisor to pre
sent all of the data to the manager of the Data Management 
Group. The Laboratory QA/QC Coordinator is responsible for the 
quality control data and must sign each lot of sample before 
the Laboratory Supervisor can move the data to the Data 
Management Group for reporting. 
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Rejected data will be returned to the Laboratory Supervisor. 

The rejected data will be checked for the reason for rejection, 

and, if an error is found, the appropriate change will be made 

and the reason for change documented. If the data are corrected 

yet remain rejected, then the QA/QC Coordinator will notify the 

WESTON Project Manager and ask for the resolution of the re

jected data. 

Reports will contain final results (uncorrected for blanks and 

recoveries), methods of analysis, levels of detection, surro

gate recovery data, and method blanks data. In addition,· spe

cial analytical problems, and/or any modifications of refer

enced methods will be noted. The number of significant figures 

reported will be consistent with the limits of uncertainty in

herent in the analytical method. Consequently, most analytical 

results will be reported to no more than two (2) significant 

figures. Data are normally reported in units commonly used for 

the analyses performed. Concentrations in liquids are expressed 

in terms of weight per unit volume (e.g., milligrams per 

liter). Concentrations in solid or semi-solid matrices are ex

pressed in terms of weight per unit of sample (e.g., micrograms 

per gram). 

8.5 PROJECT REPORTS RELATED TO THE TRIAL BURN 

The trial burn report 
agency within 90 days 
burn. 

will 
after 

be submitted to the regulatory 
completion of the demonstration 

The Project Manager will review the analytical summary and 

field data for reasonableness. He will utilize appropriate data 

to calculate parameters required for regulatory compliance (de

struction and removal efficiency, HCl removal efficiency, par

ticulate emission rate, etc.). He will oversee compilation of 

the Trial Burn Summary Report and will review the completed 

document prior to submission. 

8.6 DATA ARCHIVING 

The laboratory will maintain on file all of the raw data, lab

oratory notebooks, and other documentation pertinent to the 

work on a given project. This file will be maintained for 5 

years from the date of invoice unless a written request is re

ceived for an extended retention time. 

Data retrieval from archives will be handled in a similar fash

ion to a request for analysis. Specifically, a written work re

quest to include a quotation must be submitted for retrieval of 

data. 

Client confidentiality will be maintained with retrieved data. 

Consequently, the laboratory can honor only those requests for 

data authorized by the original client. 
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SECTION 9 

INTERNAL QUALITY CONTROL CHECKS 

Quality control samples will be analyzed in the same way as, 
and inter spaced with, the field samples. The results from 
analysis of the control samples will be used to establish the 
validity of the data and to control data quality within prede
termined tolerance limits. The QC samples that will be· incorpo
rated into the project are defined below. 

9.1 BLANK SAMPLES 

Blank samples will be analyzed in order to assess possible con
tamination from the field and/or laboratory, so that corrective 
measures can be taken if necessary. The types of blank samples 
and their frequency of analysis are: 

• Field Blanks - These blank samples will be exposed to 
field and sampling conditions, and analyzed in order 
to assess possible contamination from the field (one 
for each lot of samples analyzed}. 

• Method Blanks - These blanks will be prepared in the 
.. -1-a-bor-a'l;o~y---and----an-a-l.y.zed---in-~or:de-J:-----to.. .determine-----the ... 

background of each of the reagents (or solvent in the 
case of particulate samples) used in each type of 
analysis (one for each new lot number of solvent or 
reagent used) . 

9.2 ANALYTICAL REPLICATES 

Replicate analysis. of specific samples will be undertaken by 
the analyst to check on the validity of certain analogous sam
ples. For example, if the internal standard response for a spe
cific sample changes drastically from its prior value, a prob
lem could be present in the instrument or in the sample work 
up. Repeat analyses of the sample in question and a previous 
"normal" sample will serve to indicate which of the possible 
problems is present. 

All HCl sample analyses will be duplicate QC checks. The analy
sis goals for laboratory replicate samples will be a precision 
relative standard deviation of <10 percent. 

9.3 CALIBRATION STANDARDS 

Calibration standards and continuing calibration checks will be 
analyzed at the frequency described in Section 6. The value 
must fall within the stated criteria for the calibration data 
in order to continue with the remaining samples in the lot. 
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SECTION 10 

PERFORMANCE AND SYSTEM AUDITS 

The Project Manager, the Project QA/QC Officer, the Field QA/QC 
Coordinator, and the Laboratory QA/QC Coordinator will review 
data for accuracy and completeness and ensure that required QC 
checks are being made and protocols followed. 

It is requested that the agency provide performance evaluation 
standards for auditing laboratory sample analysis procedures as 
external QC checks. 
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SECTION 11 

PREVENTIVE MAINTENANCE 

All source testing/monitoring equipment and analytical instru

mentation that requires maintenance will be serviced prior to 

conducting the test program in order to increase measurement 

system reliability and, thus, data completeness. 

Normal "spares" (control consoles, glassware, etc.) will be 

provided in the field to minimize testing delays caused by un

expected equipment failure or breakage. 
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SECTION 12 

SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION, 
ACCURACY, AND COMPLETENESS 

12.1 CALCULATION OF MEAN VALUES AND ESTIMATES OF PRECISION 

0 

The mean C, of a series of replicate measurements of mass Ci 
for HCl will be calculated as follows: 

n 
l 

c. = Ci 
n 

i = l 

where: 

n = number of replicate measurements 
C, Ci = are both ug of analyte 

The estimate of precision of a series of replicate measurements 
will be expressed as the relative standard deviation, RSD. 

SD 
RSD = x 100 percent 

c 

where: n 

SD = Standard Deviation = 
n-1 

The standard deviations calculated wi 11 be compared on a fre
quent basis with the relative standard deviation goal of 10 
percent. 

12.2 ASSESSMENT OF ACCURACY 

The accuracy of the HCl and specific organic sample results 
will be determined by comparing audit sample results with the 
true value expressed as percent recovery. 

12.3 COMPLETENESS 

Data completeness is defined as the percent of acceptable data 
obtained from that planned for the project. Completeness will 
be monitored frequently by the Project Manager, Project QA/QC 
Officer, and Field QA/QC Coordinator. The completeness goal for 
this project is to obtain acceptable data for )95 percent of 
the collected samples. 
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SECTION 13 

CORRECTIVE ACTION 

Corrective action will be instituted immediately by the indi
vidual noting a problem in a measurement system. An unresolved 
problem will be reported to the employee's immediate supervisor 
for further action. 

If a problem is discovered during field operations, the indi
vidual noting the problem will immediately contact his/her 
direct supervisor who will contact the Field Team Manager and 
the Field QA/QC Coordinator and report the problem. It is the 
responsibility of the Field QA/QC Coordinator to resolve the 
problem in the measurement system. Significant problems or 
those which cannot be resolved in the field will be reported to 
the Project Manager for corrective action. 

The comparable approach will be followed for problems noted in 
the laboratory. The individual noting a measurement system 
problem will immediately notify his/her section supervisor and 
the Labora-tory QA/QC Coordinato-r. Significant problems or those 
not resolvable in the laboratory will be promptly reported to 
the Project Manager for corrective action . 

. ----·- --- ---"---~~"- ---~-~---"·---- "·----" -- --- -- ----""------- ----- -- --- -- -----·---------------
The Project Manager will promptly discuss any noncorrectable 
problems with the agency for final resolution. 

No further testing or analytical processes will be performed 
until the measurement system problem is corrected. 
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SECTION 14 

QUALITY ASSURANCE REPORTS TO MANAGEMENT 

Results of laboratory quality assurance efforts will be provid
ed to the WESTON Project Manager and Project QA/QC Officer by 
the Laboratory QA/QC Coordinator to clearly define the quality 
and validity of the sample analytical work generated in this 
project. Each report will include:' 

• An assessment of measurement data accuracy, precision, 
and completeness. 

• Results of performance audits. 

e Significant QA problems and recommended solutions. 

Additionally, the Field QA/QC Coordinator will inform the Proj
ect Manager and the Project QA/QC Officer immediately of any 
sampling, testing, or monitoring problem encountered so that 
swift corrective action can be instituted. 
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PLANT 

RUN NO. __________________ _ PAGE __ _ OF 

FIELD OBSERVATION CHECKLIST 

GENERAL SAMPLING SITE 

Stack/Duct Cross-Section Dimensions: _____ Equivalent Dia. ____ _ 

Material of Construction Corroded Leaks 

Internal Appearance - Corroded Caked Part. Thickness 

Insulation? Thickness Lining Thickness 

Nipple I. D. Length Flush w/Inside Wall 

Straight Run Before Ports Cross-Sectional Dia. 

Straight Run After Ports Cross-Sectional Dia. 

Drawing of Sampling Location: 

Minimum information required on dr.awing: stack/duct dimension, 
location and description of ma]or and minor disturbances, 
cross-sectional view showing dimensions and port locations. 
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PLANT 

RUN NO. PAGE 

METHOD l -- SAMPLE AND VELOCITY TRAVERSE 

- Preliminary Procedural Checklist 

Stack/Duct Type (e.g., circular, rectangular) 

Stack/Duct Cross-Sectional Dimensions 

Equivalent Diameter (rectangular duct) 

Nipple Type (e.g., flush w/stack wall) 

Nipple Length I .D. 

Attachment l 
Draft 

OF 

Distance from Sampling Site to Nearest Upstream Disturbance 

Number of Stack Diameters 

Distance from Sampling Site to Nearest Downstream Disturbance 

Number of Stack Diameters 

Number of Sampling Points/Traverse from Federal Register 

Number of Sampling Points to be Used 

Circular Stacks: 

Traverse Points Located on Two Diameters? 

Distance from First Traverse Point to Stack Wall > l.Oin. 

Modifications due to Size of Stack 

Rectangular Stacks: 

Grid Configuration No. of Traverse Pts. 

Traverse Points Located at Centroid of Areas? 

Verification of Absence of Cyclonic Flow? 
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SAMPLING SYSTEM 
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PAGE __ _ OF 

Sampling Method (EPA 2) Stack Gas Velocity and Volumetric 
Flow Sampling Train Schematic Drawing: 

Modifications to Standard Method ~~--~~~==========-----------

Ver-ification -Of- Absence--o£---CycJ-on-ic -F'l-ow:?- _-_-_--_-_--_-_-_-_--_--_--__________ _ 

Type "S" Pitot Tube? Other Const. Mat'1. 

Pitot Tube Connected To: Inclined Manometer 

or Magnehelic Gauge 

Range ______ Approx. Scale Length Divisions ----
Pitot Tube Coefficient Fluid Type _______ _ 

Temperature Gauge Type Attached to Pitot Tube? 

Recent Calibration of Orifice Meter-Dry Gas Meter? 

Pitot Tubes? Nozzles Thermometers or Thermocouples? 

Magnehelic Gauges? __ _ 

Number of Sampling Points/Traverse from Fed. Reg. 

No. to be Used 

Length of Sampling Time/Point Desired ___ Time to be Used 
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PLANT 

RUN NO. PAGE OF 

SAMPLING SYSTEM 

Sampling Method (EPA 3) Gas Analysis and Dry Molecular 
Weight Sampling Train Schematic Drawing: 

Modifications to Standard Method 

Method: Single Point Grab Single Point Integrated __ __ 

Multi-Point Integrated 

Probe Type: Stainless Steel ________ Borosilicate Glass 

Is there a Filter used to Remove Particulate Matter? 

Type 

Pump Type: One-Way Squeeze 

Other 

Is a Condenser System Used? 

______________ Diaphragm 

Type 

Flexible Bag: Tedlar 

Other 

_________ Mylar Teflon 

Is a Pressure Gauge Used? Type 

Are all Connections Tight and Leak Free? 

Is Sampling Train Leak Checked? (optional) 

Is Sampling Rate Held Constant?. ---------------------
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PLANT --------------------

RUN NO. PAGE ___ OF 

PARTICULATE, AND HCl EMISSION TESTS 

-PRELIMINARY PROCEDURAL CHECKLIST-

Sampling Train Schematic Drawing: 

Apparatus: 

Probe Nozzle: Stainless Steel 

Design: Button-Hook ______ Elbow ______ Nozzle Size 

Clean? 

Probe Liner: Borosilicate ______________ Quartz 

Other _________________ Clean? 

Heating System ----------------------------------------------

Pitot Tube: Type S Other 

Properly Attached to Probe? 

Modifications 

Pitot Tube Coefficient 

Differential Pressure Gauge: 2 Inclined Manometers 

Other 

Filter Holder: Borosilicate Glass Glass Frit 

Filter Support 

Other 

0174L 
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If data sheets cannot be copied, record: 
Approximate stack temp. ___________ Volume metered ________ __ 

Sample Recovery: 

Brushes: Nylon Bristle (non-metallic probe and nozzle) 
Clean? Other __________________________________ ___ 

Wash Bottles: Glass ______ Teflon ------- Clean? ------
Storage Containers: Borosilicate Glass------------------------------

Other ______ Clean? -------Leak-free? -------
Petri-Dishes: Glass __________ Polyethylene ------------------------

Other _______________________ clean? ________________________ __ 

Graduated Cylinder/or Balance: 

Subdivisions< 2 ml? ----------------other--------------
Balance: Type 

Plastic storage Containers: 
Air-tight? ________________________ Clean? __________________ ___ 

Probe allowed to cool sufficiently?------------------------
Non-metallic cap placed over nozzle tip to prevent loss of 
particulate? 

During sampling train dis-assembly: 

Are all openings capped? ------------------------------------
Clean-up Area: Description __________________________________ _ 

Clean? Protected from wind? -----------
Filters: Glass Fiber or Quartz Type----------
Silica Gel: Type (6 to 16 mesh)?-----------------

New Used ________________________ _ 

Filter Handling: Non-metallic tweezers used?-------------------
surgical gloves? Other---------------------
Any particulate lost? _______________________________________ _ 

Water: Distilled? ______________________________________________ __ 

stopcock Grease: Acetone-Insoluble? ----------------------------
Heat-stable Silicone? ------------------ Other---------------
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Probe Handling: Acetone rinse-------------------
Nitric acid rinse ______________________ _ 

Particulate recovery from: Probe nozzle-----------
Probe fitting Probe liner--------
Front half of filter holder-----------------

Blank: Acetone _____ Nitric acid _____ Filter ___ _ 
Ahy visible particles on filter holder, inside probe: ___ _ 

Impinger Handling: Description of impinger contents ______ _ 

Volume increase measured and value recorded?--------
Solution transferred to sample jar? .,--,.,-,.,-..,.,.---------
Nitric acid or KMN04 rinse of impingerjconnectors added to 
jar? ______________________________ _ 

Blank test train setup, lead checked and recovered? _______ _ 

HN0;3/H2 o2 blank prepared? ------------------------------
KMN04blankprepared? _____________________________ _ 

SN HCL blank prepared?---------------------------
Filterblankprepared? ___________________ ___ 

Color of Silica Gel? --------------- Condition------
Method of Silica Gel transfer? -----------------
All jars adequately labeled?------------------
Jars sealed tightly _____ liquid level marked on jars __ _ 
Jars locked up? ________________________ _ 

Chain of custody forms completed? ---------------
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VOLATILE ORGANIC SAMPLING TRAIN (VOST) EMISSION TESTS 
-PRELIMINARY PROCEDURAL CHECKLIST-

Apparatus: 

Probe Liner: Borosilicate------ Quartz 
Other Prepared? Clean? ______ _ 

Sealed prior to usage? ------------------------
Heating system?-----------------------------

Vast Glassware: Prepared?-------- Clean? _________ _ 

Sealed prior to usage? --------------------
Vast Tubing Connectors: Prepared? ________ Clean? 

Sealed prior to usage? ---------------------
Vast Sample Box and Umbilical: Complete? Clean? -----

Mechanical/electrical connectors ok? --------------
Vast Control Console: Recent calibration---------------

Vacuum and pressure leak test ----------------
Condenser Coolant System: Proper operation------------

Proper connectors-------------------------
Vast Adsortion Tubes: Prepared ----------- sealed? 

Maintained cool?------------------~-----
Barometer: Mercury ------------ Aneroid -----------Other ________________________________________ _ 

Procedure: 

Recent calibration? ----------------------------
Meter box ---------Thermometers/Thermocouples --------
Vast tubes check visually for irregularities?----------
Sampling site selected? ----------Stack Temp.? ______ _ 
Charcoal filter attached to samplejleak check valve assembly?_ 

Pre-test leak check? -------- leakage? ---------
Stack gas dry molecular weight? --------------~--
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election of sampling time? ---------------------------------
All openings to sampling train plugged to prevent pre-test 
contamination? 
Glassware properly assembled? ______________________________ __ 
Type Probe-Liner: Glass----------- Quartz ------------

Other ------------------------------~-------Meter box leveled? ----------------------------------Dry gas meter zeroed? --------------------------------
Probe heat uniform along length of probe? -----------
Coolant water pump operational? -------------------
Care taken to avoid scraping nipple or stack wall? -------
Effective seal made around probe when in-stack---------
Probe positioned at stack centroid?-----------------
Data sheets complete and data properly recorded? --------~-

···Post-test·-leaK-performedT··rmandatocy·-aner--each· Eibe pair)-· 

Leakage rate ----------------- @ in. Hg. ---------------
Orsat analysis _________ from stack ________ Integrated. _____ _ 
Fyrite combustion analysis-------- Sample location---------
Bag system leak-checked? _______________________________ ___ 
If data sheets cannot be copied, record: 
Approximate stack temp. ---------Volume metered-------

Sample Recovery: 
Brushes: Nylon bristle--------- Clean? __________ Other _______ _ 
Wash Bottles: Glass Teflon Clean ---------
Storage Containers: Borosilicate VOA --------------------------

Other Clean?------------ Leak free?-----------
Vost Tube Storage Containers: Air tight? Clean? ______ __ 

Charcoal present? ---------------------------------------
Probe allowed to cool sufficiently? -------------------------
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Cap placed over probe tip and samplejleak check valve closed? 

During sampling train disassembly 
Allqpeningscapped? _____________________________________ __ 

Clean Up Area: Description----------------------
Clean? Protected from wind? --------------

Vest Tube Handling: Vost tube tightly sealed? --------------------
Tubes placed in original containers? ---------------------
Tubes labelled properly?~--------------------------------
Tube pair site and trip blanks prepared? -----------
Kept separate from solvents, solutions, etc. to avoid 

contamination? 

Vost Glassware Handling: 
Description of condensate ___________________ _ 
Volume of condensate ________________________________ _ 

Solution transferred to VOA bottle? ----------------------
All condensers, tubing, condenser drop out flask rinsed with 

HPLC water? 

Rinse added to sample container? ------------------
Sample level topped off to eliminate head space? -----------
sample properly labelled? HPLC blank prepared ___ __ 
Sample maintained on ice? -----------------------------------Vost train silica gel removed and regenerated? ----------
sample chain of custody properly completed? ----------
Samples stored and located?------------------
Maintained on ice? -----------------------------------
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MULTI-METALS EMISSION TESTS 
PRELIMINARY PROCEDURAL CHECKLIST 

sampling Train Schematic Drawing: 

Apparatus: 

Probe Nozzle: Borosilicate Glass 
Design: Button-Hook ________ Elbow ________ .Nozzle Size ____ _ 

Clean? 
Probe Liner: Borosilicate Quartz __________ __ 
other Clean? 

Heating system ---------------------------------------------
Pitot Tube: Type S 

------------------ Other ---------------------Properly- .Kttachea--to --Prol5e7---------------------------------Modifications 

Pitot Tube Coefficient -------------------------------------
Differential Pressure Gauge: 2 Inclined Manometers 

Other -----------------------------------------------------Filter Holder: Borosilicate Glass -------------------------------
Filter Support --------------- Silicone Gasket ------------
Filter Type 
Other ________________________ Clean? ________________________ _ 

Filter Heating System: 

Description -------------------------------------------------
Condenser: Number of Impingers ----------- Clean? 

Contents: 1st 2nd Jrd 4th 5th. _____ 6th~----

Cooling System ---------------------------------------------
Proper Connections? 

Modifications -----------------------------------------------
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Barometer: Mercury ------------------ Aneroid 
Other 

Gas Density Determination: Temp. Sensors Type 
Pressure Gauge 
Temp. Sensor Attached to Probe? 

Other ----------------------------------------------------Procedure: 
Meter Box 
Sampling 

----------- Thermometers/Thermocouples 
site selected? 

Velocity Heads? 
Pre-test Leak Check? 
Stack Gas Dry Molecular Wght.? 
Selection of sampling time? 

Stack Temp.? 

(optional) Leakage? 

All openings to sampling train plugged to prevent pre
test contamination? 
Type Probe-Liner: Glass 
Other 
Meter Box Leveled? 
Manometers zeroed? 

Quartz 

Probe heat uniform along length of Probe? 
Care taken to avoid scraping nipple or stack walls? 
Effective seal made around probe when in-stack -------------
Data sheets complete and data properly recorded? 
Orifice pressure readings recorded accurately? 
Post-test Leak Performed? (mandatory before and after each 

port change)------------------------------------------------
Leakage Rate ------------- @ in. Hg. 
Orsat analysis from stack ______ Integrated ____ _ 
Fyrite Combustion Analysis Sample Location ______ _ 

Bag system Leak-checked?--------------------------

EGG02C.TAB 
G-45 



0174L 

ATTACHMENT G-2 

LABORATORY QUALITY ASSURANCE PLAN 
(4 OCTOBER 1988) 



ROY F. WESTON, INC. 
Analytics Division 
208 Welsh Pool Road 
Lionville, PA 19353 

october 19118 
[revised January 19.89 (page 46) J 

(
. f;Jvo ~r-vla1i:f,-J 1-; -~3 --10 ~·) 

J?p f;). J 1'7 ' 

Approval: 

carter P. Nulton, Ph.D. 
Manager 
Lionville Laboratory 

M. Hanse , h.D. 
Technical Director 
Analytics Division 

G-46 

Date: 

j 





TABLE OF CONTENTS 

1.0 Introduction 

2.0 Organizational Chart and Individual 
Responsibilities 

2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 

Introduction 
Project Director & Project Manager 
Technical Director 
Laboratory Manager 
Section Managers 
Chemists-Technicians 
Quality Assurance Coordinator 
Report Manager 

3.0 Quality Assurance Objectives 

WESTON Analytics QAP 
3 October 1988 
page 1 of 63 

Page # 

5 

6 

6 
6 
6 
6 
6 
7 
7 
7 

10 

3.1 Introduction 10 
3.2 Quality Assurance Objectives for Accuracy 10 

3.2.1 Metals/Inorganic Analysis 11 
3.2.2 organic Analysis (GC and GC/MS) 11 

3.3 Quality Assurance Objectives for Precision 12 
3.3.1 Metals and Miscellaneous Inorganic 12 

Analyses 
3.3.2 Organic Analyses (GC, GC/MS 12 

3.4 QA Objective for Data Completeness 13 

4.0 Sampling Procedures 

4.1 
4.2 

4.3 
4.4 
4.5 
4.6 

Introduction 
Sampling Plan 
4.2.1 Safety 
4.2.2 Sampling Points 
4.2.3 Volume of Samples 
4.2.4 Sampling Equipment 
Sampling Containers 
Sample Preservation & Holding Times 
sampling Procedures 
Sample Handling and Packing 

5.0 Chain of Custody 
5.1 Introduction 
5.2 sample Receipt 
5.3 Sample Storage 
5.4 Sample Tracking 

5.4.1 Organic Analysis 

G-47 

16 

16 
16 
17 
18 
18 
18 
19 
20 
20 
21 

25 
25 
25 
26 
27 
27 



5.4.2 
5.4.3 
5.4.4 

Metals Analysis 
Record Keeping 
Building Security 

6.0 Calibration Procedures and Frequency 

7.0 Analytical Procedures 

WESTON Analytics QAP 
3 October 1988 
page 2 of 63 

27 
27 
28 

32 

33 

7.1 Gas Chromatography/Mass Spectroscopy (GC/MS) 33 
7.1.1 Tuning and GC/MS Mass Calibration 33 
7.1.2 GC/MS: Initial Calibration 34 
7.1.3 GC/MS: continuing Calibration 34 
7.1.4 GC/MS: Quality Control 34 
7.1.5 GC/MS: Detection Limits 35 

7.2 Gas Chromatography (GC) and High Performance 35 
Liquid Chromatography (HPLC) 
7.2.1 GC & HPLC: Initial Calibration 35 
7.2.2 GC & HPLC: Continuing Calibration 35 
7.2.3 GC & HPLC: Quality Control 35 
7.2.4 GC & HPLC: Detection Limits 35 

7.3 Atomic Absorption Spectrophotometry (AA): Flame 37 
& Furnace 
7.3.1 AA: Initial Calibration 37 
7.3.2 AA: Continuing Calibration 37 
7.3.3 AA: Quality Control 37 
7.3.4 AA: Detection Limits 38 

7.4 Inductively Coupled Argon Plasma (ICP) 38 
· --7-.4-.1-I-eP!-- -I11itiar·eal-±brati-on- ----·--- 38 -

7.4.2 ICP: Continuing Calibration 39 
7.4.3 ICP: Quality Control 39 
7.4.4 ICP: Detection Limits 40 

7.5 Cold Vapor Mercury Analysis: Flameless AA (CVAA) 40 
7.5.1 CVAA: Initial Calibration 40 
7.5.2 CVAA: Continuing Calibration 40 
7.5.3 CVAA: Quality Control 40 
7.5.4 CVAA: Detection Limits 41 

7.6 Total organic Carbon (TOC) 41 
7.6.1 TOC: Initial Calibration 41 
7.6.2 TOC: Continuing Calibration 42 
7.6.3 TOC: Quality Control 42 
7.6.4 TOC: Detection Limits 42 

7.7 Ion Chromatography (IC) 42 
7.7.1 IC: Ion Chromatography 42 
7.7.2 IC: Ion Chromatography 43 
7.7.3 IC: Ion Chromatography 43 
7.7.4 IC: Ion Chromatography 43 

7.8 Spectrometry (Colorimetric Methods) 43 
7.8.1 Spectrophotometry: Initial Calibration 43 
7.8.2 Spectrophotometry: Continuing Calibration 44 
7.8.3 Spectrophotometry: Quality Control 44 
7.8.4 Spectrophotometry: Detection Limits 44 

7.9 Balances 45 

G-48 



WESTON Analytics QAP 
3 October 1988 
page 3 of 63 

7.10 Thermometers 
8.0 Data Reduction, Validation, and Reporting 

45 
47 

8.1 Introduction 47 
8.2 Data Reduction 47 
8.3 Data Review/Validation 47 
8.4 Data Reporting 48 

8.4.1 Level 1: Standard Commercial Report 49 
8.4.2 Level 2: Tier II Report 50 

9.0 Internal Quality Control Checks: Laboratory 

9.1 QC Monitoring 

10.0 Performance and system Audit 
10.1 External Audits 
10.2 Internal Audits 

11.0 Preventative Maintenance 

11.1 Introduction 
11.2 Instrument Maintenance Log Books 
11.3 Instrument Calibration and Maintenance 
11.4 Spare Parts 

12.0 Procedures Used to Assess Data Quality 

12.1 Introduction 
12.2 Precision 
12.3 Accuracy 
12.4 Completeness 

13.0 Corrective Action 

14.0 Quality Assurance Reports to Management 

G-49 

51 

52 

53 
53 
53 

55 

55 
55 
55 
56 

59 

59 
59 
59 
60 

61 

63 



WESTON Analytics QAP 
3 October 1988 
page 4 of 63 

LIST OF TABLES 

3-1 Quality Assurance Objectives for Accuracy for 
Organic Surrogate Analyses 

3-2 Quality Assurance for Accuracy & Precision for 
Organic TCL Analyses 

4-1 Sampling Points for Most Waste Receptacles 

4-2 Sampling Equipment 

4-3 Sampling Equipment for Particular Waste Types 

7-1 GC/MS Calibration check Compounds (CCC's) and 
System Performance Check Compounds (SPCC's) 

10-1 External Performance and Systems Audits WESTON 
Analytical Laboratories 

11-1 Calibration Frequency and Mechanism for Major 
I-ns-t-ruments ------------ -- --- - - ------~---

11-2 Instrument Maintenance Schedule 

LIST OF FIGURES 

2-1 WESTON Analytics Division Organizational Chart 

2-2 Lionville Laboratory Organizational Chart 

5-l WESTON Custody Transfer-Work Request Form 

5-2 WESTON Sample Extraction Form 

5-3 WESTON Sample Digestion Record 

13-1 critical Path for Corrective Action 

G-50 

Page # 

14 

15 

22 

23 

24 

46 

54 

57-

58 

Page i! 

8 

9 

29 

30 

31 

62 



ROY F. WESTON, INC. 

WESTON Analytics QAP 
3 October 1988 
page 5 of 63 

LABORATORY QUALITY ASSURANCE PLAN 

1.0 Introduction 

This document describes the Quality Assurance {QA) procedures 
employed by WESTON Analytics, a Division of Roy F. Weston, Inc., 
to ensure that all data generated in the laboratory conform to 
specific requirements for accuracy, precision, and completeness. 
These procedures are routinely incorporated into all analyses 
performed by the WESTON laboratory for the purpose of producing 
reliable data. 

customized, client-specific quality control measures can be added 
to or can supersede these basic guidelines to satisfy the needs 
of individual programs. Laboratory personnel are available to 
discuss the design, advantages, and disadvantages of other 
quality control options, and to aid the data user in developing a 
project specific Quality Assurance Project Plan (QAPP). At a 
minimum, the information provided for these project specific 
plans will include: 

o background and overall project objectives, 
o intended use of the acquired data, 
o list of measurement parameters, 
o number of samples to be taken, 
o kinds of samples to be taken (e.g. soil, surface water, 

groundwater, biological, sludge, drums, etc.), and 
o dates anticipated for project start and completion. 
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2.0 Organization Chart and Individual Responsibilities 

2.1 Introduction 

The organization of WESTON Analytics is shown in Figures 2-1 and 
2-2. The specific duties and responsibilities of the Laboratory 
Manager, Quality Assurance Coordinator, Section Managers, Project 
Manager, Project Director, and Technical Director are described 
in detail in the relevant standard operating procedures (SOPs). 
These duties and responsibilities are summarized in the following 
sections. 

2.2 Project Director and Project Manager 

WESTON recognizes the importance of efficient project management. 
WESTON has established a Project Director (PD), Project Manager 
(PM) group which is responsible for managing all analytical 
projects. The PD is responsible for the overall direction of the 
project. The project managers are responsible for maintaining 
the laboratory schedule, ensuring that technical requirements 
are understood by the laboratory, and ensuring that project 
deliverables are submitted on-time and in the required format. 

2.3 Technical Director 

The WESTON Analytics Division Technical Director serves as 
technical liaison and assists in resolving any technical issues. 
He win~cooranrate ~tneseact.~vlties wi'Efit:.ne~ProjecrManager and 
Quality Assurance Coordinator. 

2.4 Laboratory Manager 

The Laboratory Manager has the responsibility to see that all 
tasks performed in the laboratory are conducted according to the 
requirements of this Quality Assurance Plan (QAP). 

2.5 Section Managers 

The Section Managers are responsible 
established polices and procedures. The 
Section Managers are summarized below: 

for implementation of 
responsibilities of the 

1. Provide technical direction to analysts in conformance 
with project requirements. 

2. Monitor laboratory work schedules to ensure compliance 
with project commitments. 

3. Review all analytical data prior to reporting to ensure 
conformance with this QAP. 
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4. With the Laboratory Manager and 
Coordinator, identify and resolve 
consistent with the requirements of 

Quality Assurance 
technical problems 
this QAP. 

5. Ensure that assigned personnel are adequately trained 
to perform required analyses. 

2.6 Chemists-Technicians 

An effective laboratory quality assurance program depends on the 
performance of all laboratory staff who perform analyses. The 
responsibility of laboratory chemists and technicians include: 

1. Initial review of QC data for acceptability. 

2. Recording of data in bound laboratory notebooks 
(including any observations made during the analyses). 

3. Informing direct supervisors of any problems 
instruments or methods to ensure that prompt 
effective corrective action is taken. 

2.7 Quality Assurance Coordinator 

with 
and 

The Laboratory Quality Assurance Coordinator has 
responsibility for implementation of the quality 
objectives. These responsibilities include: 

oversight 
assurance 

1. Ensure that QA objectives of this QAP are met. 

2. Submit performance samples for analysis appropriate to 
laboratory analytical requirements at least annually. 

3. Provide an internal audit of representative analytical 
data reports. 

4. Perform an internal laboratory systems audit at least 
once semi-annually. 

5. Provide quality assurance reports to WESTON management. 

6. Coordinate on-site QA laboratory audits and ensure that 
any questions regarding QA requirements are resolved. 

2.8 Report Manager 

The Laboratory Report Manager is responsible for monitoring the 
status of all samples in the laboratory and ensuring that data 
are reported in a timely manner and in the proper format. 
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3.0 Quality Assurance Objectives 

3.1 Introduction 

The objective of this Quality Assurance Plan is to provide a 
framework to ensure that all analytical data which are reported 
are of known quality. The minimum requirements of an effective 
Quality Assurance program include: 

0 Sample Management: 
chain-of-custody 

sampling, sample preservation, 

0 Analytical Methodology: documented analytical 
procedures, calibration, data handling 

o Laboratory Records: measurement data, maintenance 
records, equipment manuals 

0 Quality Control/Quality Assessment: 
quality control samples 

o Data Review, Validation and Reporting 

control charts, 

o Performance and system Audits/Corrective Action 

o QA Reports to Management 

All measurements made in this program will be representative of 
the matrix and conditions being measured. The data will be 
calculated and reported in units consistent with standard 
reporting conventions to enable comparability to existing data, 
standards, and/or regulatory action limits. 

The specific procedures utilized by WESTON for these systems will 
be described in subsequent sections of this QAP. All of these 
systems help to establish the QA objectives, which are measured 
in terms of accuracy, precision, and completeness. 

3.2 Quality Assurance Obiectives for Accuracy 

Analytical accuracy is expressed as the percent recovery of an 
analyte which has been used to fortify an investigative sample or 
a standard matrix (e.g., blank soil, analyte-free water, etc.) at 
a known concentration prior to analysis, and is expressed by the 
following formula: 

Accuracy = % Recovery = AT - Ao X 100% 

where: 
AF 

AT = Total amount found in fortified sample 
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The fortified concentration will be specified by laboratory 
quality control requirements, or may be determined relative to 
background concentrations observed in the unfortified sample. In 
the latter case, the fortified concentration should be enough 
different (2 to 5 times higher) from the background concentration 
to permit a reliable recovery calculation. 

The quality assurance objectives for organic and inorganic 
analyses are tailored to the analytical technique used, and are 
discussed separately in subsequent sections of this QAP. 

3.2.1 Metals/Inorganics Analysis 

For metals analysis, analytical accuracy is obtained from the 
analyte recovery measured in a laboratory control standard and/or 
a sample fortified with the element of interest. The QA 
objectives for accuracy in routine metals analysis for these QC 
samples are summarized below: 

Sample 

Laboratory Control Standard (LCS) 
Fortified Field Sample 

Recovery (%) 

80-120* 
75-125 

Recovery values outside the QC limits for an LCS (* with the 
exception of antimony and silver) will trigger corrective action. 
Recovery values for fortified field samples are advisory only. 

For non-routine · metals and inorganic parameters, laboratory 
control charts have been established and will,be used to define 
Quality Assurance objectives. 

3.2.2 Organic Analysis IGC and GC/MSl 

For organic analysis, analytical accuracy is obtained from the 
surrogate recovery measured in each sample and blank andjor from 
the analysis of samples or blanks which have been fortified 
with a select number of target analytes. 

The Quality Assurance objectives for accuracy are summarized in 
Table 3-l for GC/MS surrogates and in Table 3-2 for GC/MS target 
analytes from fortified samples. The recovery values for 
surrogates and target analytes in investigative sample analyses 
are advisory for routine laboratory analysis. Only recovery 
values for standard matrix samples (e.g., blanks) are used for 
triggering corrective action, except for work performed under 
U.S. EPA CLP contract conditions, at which time CLP requirements 
are followed. 

G-57 



WESTON Analytics QAP 
3 october 1988 
page 12 of 63 

3.3 Quality Assurance Objectives for Precision 

Analytical precision is calculated by expressing as a percentage 
the difference between results of analysis of duplicate samples 
relative to the average of those results for a given analyte. 
Precision can be expressed by the formula: 

% RPD = 

where: 

(Cl - C2) 
(Cl + C2)/2 

X 100% 

RPD = Relative Percent Difference 
c1 = Concentration of analyte in sample 
C2 = Concentration of analyte in replicate 

On the occasion when three or more replicate analyses are 
performed, precision is calculated by expressing as a percentage, 
the standard deviation of the analytical results of the replicate 
determinations relative to the average of those results for a 
given analyte. This precision measurement, percent relative 
deviation (% RSD), will have QA objectives identical to those for 
% RPD, and can be expressed by the formula: 

% R~D = ~ kc2)n- (£ Cl 2jn(n-1L X 100% 
/'~_qD (Cl + C2 + ••• Cn)/n 
It 

where: 
-- ~--RsD =-percerrt:: rel1rt-ive aevlatYon ______ ---

c = concentration of analyte in 

n = 
~= 

(Cl + C2 + •.. Cn) represents 
concentration of each replicate 
number of replicate analyses 
"the summation of" 

the 
the 

sample, 
sum of 

and 
the 

The QA objectives for metals (and other inorganic parameters) 
analysis are different from those for organic analyses. These QA 
objectives are discussed separately in the sections below. 

3.3.1 Metals and Miscellaneous Inorganic Analyses 

For metals (except antimony and silver) and inorganic analyses 
the QA objective for precision is ± 20% relative percent 
difference (% RPD) between replicate analyses. % RPD values 
outside the QC limits for duplicate LCS analyses will trigger 
corrective action. % RPD for duplicate investigative sample 
analyses are advisory only. 

3.3.2 Organic Analyses (GC. GC/MSl 

For organic analyses, precision is measured by comparison of the 
recovery of surrogate compounds in the standard matrix (e.g., 
blank, blank spike) andjor by comparison of the recovery of a 
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select number of target analytes in duplicate fortified samples 
or duplicate fortified blanks (e.g., matrix spike/matrix spike 
duplicate: MS/MSD, andjor blank spike/blank spike duplicate: 
BS/BSD). The QA objectives for precision as expressed by the 
% RPD for duplicate analysis of target analytes are given in 
Table 3-2. For surrogate compounds, laboratory control charts 
have been established and will be used to define QA objectives. 
These RPD limits are advisory only for investigative samples. 
Only evaluation of precision for standard matrices will trigger 
corrective action. 

3.4 QA·Objective for Data Completeness 

Completeness is a measure of the relative number of analytical 
data points which meet all the acceptance criteria for accuracy, 
precision, and any other criteria required by the specific 
analytical methods used. The level of completeness can also be 
affected by loss or breakage of samples during transport, as well 
as external problems which prohibit collection of the sample. 

The WESTON QA objective for completeness is to have 80% of the 
data usable without qualification. The ability to meet or exceed 
this completeness objective is dependent on the nature of samples 
submitted for analysis. For example, if the analytical methods 
proposed for use (particularly for organics analyses) are 
intended for analysis of environmental samples of low and medium 
hazard, the applicability of these methods to non-routine 
matrices such as drum samples, wipes, air samples, etc. may 
result in poor method performance and therefore adversely impact 
achievement of the data completeness goal. 

G-59 



WESTON Analytics QAP 
3 October 1988 
page 14 of 63 

TABLE 3-1 

QUALITY ASSURANCE OBJECTIVES FOR ACCURACY 
FOR 

ORGANIC SURROGATE ANALYSES 

Percent Recovery 

Fraction surrogate Compound 
LOW/Medium 
water 

LOW/Medium 
Soil/Sediment 

VOA 
VOA 
VOA 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

88-100 
86-115 
76-114 

BNA N.itrPI::lenzene-d5 35-114 
BNA 2-Fluorobiphenyl 43-116 ,... 
BNA p-Terphenyl-d14 33-H:-414~ 
BNA Phenol-d5 10- 94 'if-JJ.I{D 

- BNA - ---------.r.;..7Iuoropnenoi -------------2T.;;lOO-- ··---
BNA 2,4,6-Tribromophenol 10-123 

PEST Dibutylchlorendate 24-154* 

81-117 
74-121 
70-121 

23-120 
30-115 
18-137 
24-113 
25--121 
19-122 

20-150* 

* These recoveries are advisory only. No corrective action 
(i.e., sample reanalysis) will be taken if these criteria are 
not met. 

G-60 



Fraction 

VOA 
VOA 
VOA 
VOA 
VOA 

BN 

BN 
BN 
BN 
BN 

BN 

ACID 
ACID 
ACID 
ACID 

ACID 

PEST 
PEST 
PEST 
PEST 
PEST 
PEST 

PCB 
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TABLE 3-2 

QA OBJECTIVES FOR ACCURACY AND PRECISION 
FOR 

ORGANIC TARGET COMPOUND ANALYSES 

Matrix Spike 
Compound 

1,1-Dichloroethene 
Trichloroethene 
Chlorobenzene 
Toluene 
Benzene 

1,2,4-Trichloro-
benzene 

Acenaphthene 
2,4-Dinitrotoluene 
Pyrene 
N-nitroso-di-N-

propylamine 
1,4-Dichlorobenzene 

Pentachlorophenol 
Phenol 
2-Chlorophenol 
4-Chloro-3-methyl-

phenol 
4-Nitrophenol 

Lindane 
Heptachlor 
Aldrin 
Dieldrin 
Endrin 
4,4-DDT 

Arochlor 1254 

% Recovery Limits 
Water Soil/Sed 

61-145 
71-120 
75-130 
76-125 
76-127 

39- 98 
46-118 
24- 96 
26-127 

41-116 
36- 97 

9-103 
12- 89 
27-123 

23- 97 
10- 80 

56-123 
40-131 
40-120 
56-126 
56-121 
38-127 

59-172 
62-137 
60-133 
59-139 
66-142 

38-107 
31-137 
28- 89 
35-142 

41-126 
28-104 

17-109 
26- 90 
25-102 

26-103 
11-114 

46-127 
35-130 
34-132 
31-134 
42-139 
23-134 

Not Established 

% RPD Limits 
Water Soil/Sed 

14 
14 
13 
13 
11 

28 
31 
38 
31 

38 
28 

50 
42 
40 

42 
50 

15 
20 
22 
18 
21 
27 

30 

22 
24 
21 
21 
21 

23 
19 
47 
36 

38 
27 

47 
35 
50 

33 
50 

50 
31 
43 
38 
45 
50 

50 

% RPD = Relative Percent Difference 

This list includes those compounds most commonly used for QA/QC 
accuracy and precision control in the groups of analytes shown 
based on current u.s. EPA· Contract Laboratory Program (CLP) 
requirements. (USEPA SOW 10/86 as revised through 8/87). Stated 
control limits will be updated to the current CLP protocol, as 
required. 
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While samples submitted to the laboratory for analysis are 
generally collected by non-laboratory personnel, WESTON fully 
recognizes the importance of the sample collection program in the 
overall assessment of data quality and usability. Sampling 
procedures must ensure the integrity of the samples collected, 
provide representative samples of the media being evaluated, and 
be compatible with planned laboratory analysis. 

4.2 Sampling Plan 

The objective of sampling is to obtain information that provides 
a qualitative and quantitative measure of site conditions, so 
that appropriate action can be taken relative to project goals. 
These goals encompass areas such as: 

o preliminary site investigation, 
o emergency cleanup operations, 
o remedial response operations, 
o backup for litigation purposes, 
o monitoring, and 
0 researcher technology trans:Eer. 

It is important, therefore, that the sampling effort be preceded 
~by a we"i:l=pio.nn·eu.-,~·-cust~m--ta:i-l·oye-o:----s-a:mpl.~rng --~plan · fo:r-·· ·each 
project. This will help ensure that goals are met, that sampling 
is completed in a timely, cost effective manner, safety of 
sampling personnel is maximized, samples are representative of 
the site, sampling errors are reduced, and integrity of the 
sample is preserved during and after sampling. 

The sampling plan should address: (1) the definition of 
objectives, (2) selection of representative sampling sites, (3) 
collection of sufficient volumes of material, (4) selection and 
preparation of proper sample containers, (5) preservation of 
sample integrity, (6) identification of samples, (7) proper 
sample holding times, (8) safe handling and transportation 
procedures, and (9) standard chain-of-custody procedures. 

The following steps are essential in preparation of the sampling 
plan: 

1. Research background information on the site and 
samples: evaluate the site history, review any data 
available from prior sampling excursions, review 
available geotechnical data, consider the materials to 
be sampled (composition, form, expected concentrations, 
etc.), determine what analyses will best address the 
issues at the site. 
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2. Determine safety requirements and arrange for equipment 
and procedural needs for safe sampling. 

3. Consider proper locations for sampling. 

4. Determine the sample volume required for each location, 
with special considerations given to the type of sample 
container and preservative needed for each analyte. 
Analytes with the same container/preservative 
requirement may be able to be combined into one larger 
container (i.e., 1 L rather than three 250 mL bottles). 
Allow sufficient volume for field and laboratory QC 
samples. 

5. Determine the sampling equipment needed and arrange to 
have the necessary facilities and supplies for proper 
decontamination between samples. 

6. Review procedures for sample collection and plan 
training or refresher courses for samplers. 

7. Review procedures for containing and handling samples. 

8. Properly execute chain-of-custody procedures, beginning 
with bottle preparation. 

9. Identify necessary packaging, labeling, and shipping 
requirements, including the following: 

a. Identify samples and protect from tampering 
(secure evidence tape if available). 

b. Record all sample information in a bound field 
notebook. 

c. Fill out the chain-of-custody sample analysis 
request form. 

10. Deliver or ship the samples to the laboratory for 
analysis. 

11. consider analyte holding times when determining 
shipping frequency. Many laboratory contractual 
agreements measure holding times from the date of 
receipt at the laboratory, while regulatory holding 
times are measured from the date of sample collection. 

4.2.1 Safety 

The sampling plan will delineate the safety procedures for sample 
collection, such as respiratory protection required while 
sampling concentrated sources, procedures for entering buildings 
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or enclosed structures, length of time personnel are to remain in 
protective clothing while sampling, and identification of the 
person handling the field samples. Proper procedures must be 
used when opening drums, tanks, or other vessels, and all 
personnel must be notified of potential hazards when closed 
containers will be opened. 

The sampling plan will also list telephone numbers, addresses, 
and directions to the nearest medical facility, ambulance 
service, fire department, police department, and the client 
contact. The fire department should be alerted to possible 
incidents during a very hazardous inspection. 

4.2.2 Sampling Points 

A representative sample is crucial to decision-making and to 
enforcement proceedings and is dependent on proper selection of 
sampling points. Special consideration will be required for 
hazardous wastes, which are usually multi-phase mixtures and are 
stored in receptacles of different sizes and shapes. No single 
series of sampling points can be specified for all types of waste 
receptacles. Table 4-1 lists most types of receptacles used for 
hazardous waste and the corresponding recommended sampling 
points. 

In some cases, it may be appropriate to conduct a preliminary 
survey of the facility prior to sampling. This would consist of 
a brief -ern:e v~s~t::~ ana.- -en:rrvey;----au:r-brg-whrclr time safety 
requirements for the site would be ascertained and a sampling 
plan established by the inspector. 

4.2.3 Volume of Samples 

Sufficient volume of a sample, representative of the main body of 
the water or waste, must be collected. This sample must be 
adequate in size for all needs, including laboratory analysis, 
splitting with other organizations involved, etc. In all cases, 
the laboratory should be consulted for guidance prior to 
sampling. As general guidance, the sample containers provided by 
the laboratory should be filled. This will provide adequate 
volumes to perform analysis once. Choose at least one sample per 
twenty (20) for each matrix and collect triple volumes for all 
analytes to allow sufficient sample for laboratory duplicate and 
spike analysis. 

4.2.4 Sampling Equipment 

Receptacles (i.e. , drums, tanks, etc. ) , should only be sampled 
when necessary to meet enforcement or cleanup requirements. 
Opening of drums or other sealed receptacles may be hazardous to 
sampling personnel unless proper safety procedures are followed. 
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Samples of waste materials, water, soil, or sediments will be 
collected through the use of peristaltic, mechanical or automatic 
pumps, soil augers, sediment dredges, hand scoops, and other 
equipment (see Table 4-2) as required. All samples should be 
collected in a manner that assures no contamination between 
samples. When possible, dedicated equipment should be used for 
each site to avoid the need for field cleaning of utensils. 

Samples from drums, bags, reservoirs, or other small vessels are 
generally obtained by a dip or insertion tube (coliwasa sampler). 
After agitation of the vessel or container, if possible, the tube 
is inserted diagonally, sealed, and removed. Thus, the sample 
obtained is a cross-sectional representative sample, avoiding 
bias due to stratification of material in the container. 
Sometimes it is difficult to obtain a representative sample of 
large containers, such as bulk liquid storage tanks. In these 
cases, often the only sampling location is a bottom valve, and 
the sample obtained is from the bottom layer within the tank. 
Many times this may be a "worst case" sample, especially for 
PCB' s and other dense substances. Whenever possible, surface, 
middle, and bottom samples are collected from large bulk liquid 
storage tanks in order to avoi(;l possible stratification bias. 
Using this tiered sampling technique helps to accurately 
characterize the overall concentration of the parameter of 
interest. A general list of usage of sampling equipment is given 
in Table 4-3. 

Sampling personnel frequently are required to split samples 
collected with facility personnel or EPA laboratories. It is 
essential that a true duplicate split be made, otherwise 
analytical results will not be comparable. 

To obtain a true duplicate, a large quantity of sampled material 
will be collected, thoroughly mixed, and equally proportioned 
into similar containers. If preservation is necessary, both are 
preserved with an appropriate chemical from a common dispenser at 
the same time. Both duplicates are labeled with the same sample 
location description and marked as splits and logged into a field 
notebook. 

4.3 sample Containers 

Upon request from the client, WESTON will provide, within 7 days, 
the required number and type of sample containers for a specific 
sampling episode. 

All containers provided by WESTON will be obtained from I-Chem, 
Hayward, California, or be of equivalent quality. I-Chem is the 
bottle contractor to the U.s. EPA-Contract Laboratory Program. 
These containers are cleaned by I-Chem in accordance with u. s. 
EPA protocols. The containers purchased from I-Chem are I-Chem 
Series 200 containers. Each lot of these containers is analyzed 
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in accordance with I-Chem quality control requirements and is not 
shipped by I-Chem unless the QC requirements are met. 

All sample containers provided by WESTON will be shipped with 
chain-of-custody sheets (see Section 5). These chain-of-custody 
sheets will be completed by the field sampling personnel and 
returned with the samples. 

4.4 Sample Preservation and Holding Times 

The preservatives required for all analyses will be provided by 
WESTON with the sample containers. The required preservation 
methods will be in accordance with those given in 40 CFR, 
Part 136, No. 209, october 26, 1984, for water and in SW-846, 
Test Methods for Evaluating Solid Waste, Third Edition, November 
1986, for soils. 

The holding times for all required analyses are measured from 
sample collection, and are given in SW-846, Test Methods for 
Evaluating Solid Waste, Third Edition, November 1986. (This 
reference includes 40 CFR, Part 136, No. 209, October 1984 
holding times for routine water samples, as well as holding times 
for waste samples.) 

some programs; e;g; ···· t:ne u.s; · · EPA contract Laboratory Program 
(CLP) and CLP-type agency or client programs, measure holding 
times from verified time of sample receipt (VTSR) at the 

· --:L-aborat.~ry-. -----S-amp:Joes---des-i-gnat-ed---as--eLP -mu-st--speci-fy---i-n- t-he 
project plan that holding times from sample collection are 
superseded by holding times from VTSR. 

Upon sample receipt at the WESTON Laboratory all sample 
collection dates are noted by the sample custodian. The required 
date for completion of analysis (or extraction) is noted on the 
chain-of-custody sheet (see Section 5) and is keyed to the 
holding time if it falls sooner than the required reporting date 
for analyses. 

All analyses which have holding times of 48 hours or less are 
identified by the sample custodian, and the appropriate section 
manager, unit leader and analyst are notified that samples are in 
house. 

4.5 Sampling Procedures 

Sampling procedures will vary depending on the medium sampled 
(liquid, solid, or gas) and the type of structure the waste is 
contained in, as indicated in Table 4-1. Sampling procedures to 
be used will be standardized as described in the "NPDES 
Compliance Sampling Manual, " u.s. EPA, Office of Water 
Enforcement (October, 1979), "Samplers and Sampling Procedures 
for Hazardous Waste Streams, " u.s. EPA, Municipal Environmental 
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Research Laboratory (January, 1980), and SW-846 Test Methods for 
Evaluating Solid Waste, Third Edition (November 1986). Sample 
collection of project sites in the state of New Jersey will 
conform to the New Jersey Department of Environmental Protection 
Field Sampling Procedures Manual, February 1988. 

4.6 Sample Handling and Packing 

Sample handling and packing procedures are in accordance with the 
User's Guide to the U.S . EPA Contract Labor a tory Program. The 
collected sample and its container represent one of the major 
avenues of personnel and environmental exposure. Precautions 
will be taken to ensure that all the samples removed from the 
site are within the sample container and that no residue remains 
on the outside of the container. 

A unique code number is assigned to each sample. All sample 
bottles will be differentiated by use of a sample label. All 
information pertinent to the field activities will be recorded in 
bound field notebooks. The notebooks must contain the following 
information: 

o source of sample (including plant name, location, and 
sample point description), 

0 

0 

analysis required 
applicable) , 

and preservative 

name of collector, date and time 
physical/environmental conditions 
activity, 

type (where 

of collection, 
during field 

o matrix sampled, sample collection method, number and 
volume of samples taken, 

o sample identification number(s), custody seal numbers, 

o any field measurements, and 

o documentation of shipping dates and methods. 

Samples will be packed and shipped following U.S. EPA recommended 
procedures and in accordance with applicable DOT regulations. 
Chain-of-custody is initiated in the field and will travel with 
the samples. Custody seals will be affixed to the shipping 
container. A detailed discussion of chain-of-custody procedures 
is found in Section 5. 
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SAMPLING POINTS FOR MOST WASTE RECEPTACLES 

Receptacles 

Drum, bung on one en:i 

Drum, bung on side 

Barrel, fiberdrum, buckets 1 

sacks, bags 

vacuum tnlck an:i similar 
cont.ainenr·--· ·· · ····· -----

waste pile 

storage tank 

soil 

Sampling Point 

Withdraw sample through the bung opening. 

Sample drums only if they are laying on 
side with bung up. Withdraw sample 
through the bung opening. 

Withdraw samples through the top of 
barrels, fiberdrum, buckets, an:i 
similar receptacles. Withdraw samples 
through fill openings of bags an:i sacks. 
Withdraw samples through the center of the 
receptacles an:i to different points 
diagonally opposite the point of entry. 

Withdraw sample through open hatch. 
sampleatn:n:.nerna'I:ClieS-;- · ·-

Divide surface area into an imaginary 
grid.* Take three samples, if possible; 
one sample near the surface, one sample 
at mid-depth or at center, an:i one 
sample at the bottcan. Repeat the 
sampling at each grid section 011er the 
entire pond or site. 

Withdraw samples through at least three 
different points near the top of pile to 
points diagonally opposite the point of 
entry. 

Sample from the top through the sampling 
hole. 

Divide the surface area into an imaginary 
grid.* Sample each grid section. 

* '!he rnnnber of grid sections is_ detetmined by the desired number of samples 
to be collected which, when canbined, should give a representative sample of 
the wastes. 
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Sample containers (plastic and glass), caps, liners 
Shovels 
Soil Samplers (auger, scoop, steel spoon, etc.) 
Stainless steel buckets 
Remote barrel opener equipment, non-sparking bung wrench 
Thermometer 
Drager tubes 
Tenax columns and power packs 
Ambient air monitor 
Surveyor's ribbon 
Glass pipets and glass tubing 
Wooden paddles (tongue depressors) 
Monitoring well sampling equipment 
Well sounder 
Radiation detector (beta, gamma) 
Explosimeter 
pH paper 
pH meter, spare probes 
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Type of 
Waste 

Free 
Flowi!B 
Liquids 
arrl 
Slu=ies 

Sludge 
.. . . - -~ 

Moist 
l?c:M:lers 
or 

Granules 

Diy 
l?c:M:lers 
or 
Granules 

Sarrl or 
Packed 
l?c:M:lers 

large 
Graine:l. 
Solids 
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SAMPLING EQUIPMENT FOR PARTICULAR WASTE TYPES 

1' . t samp lil9' Pom : 
Sacks Open Closed Storage Ponds, Con-

Drum arrl Bed Bed Tanks Waste Iagoons veyor Pipe 
Bags Truck Truck or Bins Piles & Pits Belt 

Coli- N/A N/A Coli- Weighted N/A Dipper N/A DipPer 
wasa wasa Bottle 

Scoop N/A Scoop Scoop Scoop N/A N/A N/A 
------· ... -- --- _, ___ -- ···--. .. . 

Scoop Scoop Scoop Scoop Scoop Scoop Scoop Shovel 

'Ihief 'Ihief 'Ihief 'Ihief 'Ihief 'Ihief 'Ihief Shovel 

Auger Auger Auger Auger N/A 

large large large large large large large large 
Scoop Scoop Scoop Scoop Scoop Scoop Scoop Scoop 
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The purpose of chain-of-custody procedures is to document the 
history of sample containers and samples (and sample extracts or 
digestates) from the time of preparation of sample containers, 
through sample collection, shipment and analysis. An item is 
considered to be in one's custody if: 

l. it is in the physical possession of the responsible 
party, 

2. it is in the view of the responsible party, 

3. it is secured by the responsible party to prevent 
tampering, or 

4. it is secured by the responsible party in a restricted 
area. 

As discussed in Section 4, when sample containers are provided by 
WESTON, chain-of-custody documentation (see Figure 5-l) will be 
shipped with the sample containers. These forms will be 
completed by field personnel, with acknowledgment of time and 
date of transfer and placed in the shipping container in the 
plastic Ziploc container provided. 

The following sections describe chain-of-custody procedures 
associated with sample receipt, storage, preparation, and 
analysis and general security procedures. 

5.2 Sample Receipt 

A designated sample custodian is responsible for samples received 
at WESTON. This individual is trained in all custody requirements 
and in the potential hazards of dealing with hazardous waste 
materials. In addition to receiving samples, the sample 
custodian is also responsible for documentation of sample 
receipt, storage before and after sample analysis, and eventual 
proper disposal of samples. 

1. Upon receipt, the sample custodian will inspect the 
sample container for integrity. The presence of 
leaking or broken containers will be noted on the 
chain-of-custody form (see Figure 5-l). The sample 
custodian will sign (with date and time of receipt) the 
chain-of-custody form, thus assuming custody of the 
samples. If chain-of-custody forms are not included, 
the sample custodian will initiate these forms. 
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2. The information on the chain-of-custody form will be 
compared with that on sample tags and labels to verify 
sample identity. Any inconsistencies will be resolved 
with the field sampling representative before sample 
analysis proceeds. 

3. Samples will be moved to one of the locked sample 
storage refrigerators (maintained at 40 ± 2oc) for 
storage prior to analysis. The storage location will 
be recorded on the chain-of-custody form. 

4. The sample custodian will maintain the original of the 
chain-of-custody form in the sample log-in area and 
require all analysts to sign receipt and return of the 
sample when it is obtained for analysis. Copies of the 
chain-of-custody are provided to the laboratory Report 
Manager, to each laboratory Section Manager, to the 
respective Unit Leaders, and to the Project Manager. 

5. The sample custodian will alert appropriate section 
managers and analysts of any analyses requiring 
immediate attention because of short holding times. 

6. The samp].e c:l.lsrtgdiall wiLt log the sample information 
into the Laboratory Information Management System 
(LIMS). These data include laboratory number, field 
sample number, dates collected and received, project or 

"Cl"ient-±dent±fi-cati"on;-and paramet~rs" tcr--be- analy-zea; 

5.3 sample storage 

Samples will be maintained in storage in one _ of the locked 
storage refrigerators prior to sample preparation and analysis. 
The standard operating procedures for sample storage are 
described in detail in WESTON SOPs; a summary of these procedures 
follows. 

Storage refrigerators are maintained at 40 ± 2oc. The 
temperature is monitored by the laboratory security system and 
recorded daily in a bound log by the sample custodian. During 
working hours, if equipment failure (compressor failure, door 
left open, etc.) results in the temperature of the storage 
refrigerator exceeding the upper or lower control limits, an 
audible alarm will sound and the samples will be moved to 
suitably controlled storage until the problem has been corrected. 
During off working hours, the alarm is automatically transferred 
to the security agency who alerts (via beeper call) laboratory 
and maintenance personnel so that prompt corrective action can be 
taken. 

Refrigerator storage is designed to segregate samples to prevent 
cross-contamination and to prevent sample mix-up. This includes 
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storage of volatiles samples separate from semivolatiles and 
inorganics samples. Within the refrigerators, samples are stored 
by RFW batch # for easy retrieval. Analysts request samples for 
analysis from the sample custodian. Both sign the 
chain-of-custody acknowledging transfer of custody to the 
analyst. 

5.4 Sample Tracking 

The standard operating procedures 
described in detail in WESTON SOPs. 
section. 

5.4.1 Organic Analysis 

for sample tracking are 
They are summarized in this 

Samples are received by the Organic Sample Preparation Section 
for extraction prior to analysis by gas chromatography, GC/MS, or 
liquid chromatography. All pertinent data are recorded in a 
bound laboratory notebook. This information is transferred to 
the Laboratory Information Management System (LIMS) and a 
hard-copy Sample Extraction Record is generated. A copy of this 
form is shown in Figure 5-2. The original is placed on the 
facing page of the laboratory notebook where extraction data have 
been entered and is used for custody transfer documentation to 
the analyst. Copies are provided to the analyst to inform them 
that extracts are ready for analysis. 

Extracts are maintained by the Organic Sample Preparation Section 
in refrigerated storage until transferred to the analysts. 

5.4.2 Metals Analysis 

Samples are received by the Metals Sample Preparation Section for 
digestion prior to analysis for metals by Atomic Absorption 
Spectroscopy or Inductively Coupled Plasma Spectroscopy. When 
samples are prepared for digestion, the preparation technician 
records the pertinent. info.rmation in a laboratory digestion 
notebook. This information is then transferred to LIMS and a 
hard-copy Sample Digestion Record is generated. A copy of this 
form is shown in Figure 5-3. The digestion record is maintained 
to acknowledge custody transfer of digestates to the metals 
analysis section. A copy of the Sample Digestion Record is 
provided to the metals analysis section to alert them that 
digestates are ready for analysis. 

The original copy of the Sample Digestion Record is retained by 
the Metals sample Preparation Section. 

5.4.3 Record Keeping 

Data related to 
and observations 

all sample preparation and analysis procedures 
by laboratory analysts are recorded in bound 
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laboratory notebooks which are issued by the Laboratory Quality 
Assurance Coordinator. Laboratory notebook pages are signed and 
dated daily by laboratory analysts. Corrections to notebook 
entries are made by drawing a single line through the erroneous 
entry and writing the correct entry next to the one crossed out. 
All corrections are initiated and dated by the analyst. 

5.4.4 Building Security 

The WESTON Laboratory maintains controlled building access at all 
times. During working hours, all non-WESTON laboratory personnel 
are required to sign in with the receptionist and are escorted by 
laboratory personnel while in the building. 

The laboratory is locked between the hours of 5:00 p.m. and 
8:00 a.m. Monday through Friday and during the weekend. The 
building is secured during non-working hours by an ADT Security 
System. This security system not only monitors building access 
but also monitors the temperature in the sample storage 
refrigerators. If the control temperature range is exceeded 
during working hours, an audible alarm sounds. During 
non-working hours, a silent alarm alerts ADT. Response by 
laboratory personnel is described below. 

The building · is · accessed ···by laJ:Joratory 
non-working hours by using a key and the 
Building Security System. 

employees 
pass code 

ciiiring 
for the 

Any breach of security during non-working hours releases a silent 
alarm to the security agency who alert the local law enforcement 
agency and one of three laboratory personnel via beeper call. 
Police response to security alarms takes place within 5 minutes 
and laboratory personnel are on-site within 20 minutes. 
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WESTON CUSTODY TRANSFER-WORK REQUEST FORM 

WESTON AnalytiCI Use Dnly Custody Transfer Record/lab Work Request 

·--n-y N 
NOTES: 

COCTapeWIIfl: 

I ---4--------------Jf--+----l-4-+-+-+--+--+--f--f--111 ProoGnl cnOI.Itilr r Pllldulga Y N 

t-----r-----------------------f---1r-----t--1r--t--1---t---r--;---t--i---il2~cn~ 
Peclwge Y N 

t;;::::1;:;;;:~:;;;;;;::;::~:::jt:::i::::::j:::t:::t:::t::1:::1:::i:::t:::t:::ll 3Prooentcn~ !: y N 
l:lltln'lc: W • Wmtror Dtl • ON"'~ !podelln~: 4 l.lnbrall;en on Semple 
S- Sell 0 • OU D\.- Onmo Lkfldrls NOTES: y N 
SIE·Sedlmllll'll A·Air F·l'lllto 
DO • Solid WI • Wlp> X • Ollwor 

hem/Reason Rell -'"' """' -
RFW 21-21-001/A-7!88 
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Extract. Date: 

Test: 

Solvent: 

--------- ---sample----No: 

Coments: 
Surrogate: 
Spike: 

Extracts TranSferrl!<f 

Client 
ID 

FIGURE S-2 
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WESTON SAMPLE EXTRACTION FORM 

SAMPLE EXTRACTION RECORD 
Sheet No: 

Extraction Batch No: Analyst: Method: 

Cleanup Date: Analyst: Client: 

Adsorbent: 

pH Initial Surr. Spike Final Final Split ,; C/0 
WT/VOl Hult. Hult. VOL VOL Mult. Solids FACTOR 

N/A 

l<eTiquiS!iedlfy Date lime RecOTveaBy uate 111110 Heason tor 1ranster 

G-76 



FIGURE 5-3 

WESTON Analytics QAP 
3 October 1988 
page 31 of 63 

WESTON SAMPLE DIGESTION RECORD 

SAMPLE DIGESTION RECORD 

Digestion Date: Digestion Batch No: 

Completion Date: Type of Prep.: 

Parameters: 
Type of Analysis: 

Initial Final Spike pH % 
Sample No: WT/VOL VOL Mult. <2> Solids 

C/D 
FACTOR 

Analyst: 

Method: 

O!GEST!ON CUSTODY SHEET 

Cements 

xtracts Transterrea Kel iquisnea oy uate lioe Keceivea Hy uate n .. 
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Reason for Transfer 

PAN 
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6.0 Calibration Procedures 
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Before any instrument is used as a measurement device, the 
instrumental response to known reference materials must be 
determined. The manner in which various instruments are 
calibrated is dependent on the particular type of instrument and 
its intended use. All sample measurements are made within the 
calibrated range of the instrument. Preparation of all reference 
materials used for calibration will be documented in a standards 
preparation notebook. 

Instrument calibration typically consists of two types: initial 
calibration and continuing calibration. Initial calibration 
procedures establish the calibration range of the instrument and 
determine instrument response over that range. Typically, three 
to five analyte concentrations are used to establish instrument 
response over a concentration range. The instrument response 
over the range is generally absorbance, peak height, etc., which 
can be expressed as a linear model with a correlation coefficient 
(e.g. for Atomic Absorption, Inductively Coupled Plasma, 
UV-Visible-Infrared Spectrophotometry, Ion Chromatography) or as 
a response factor or amount vs. response plot (e.g. for Gas 
Chromatography, Gas Chromatography/Mass Spectrometry, High 
Performance Liquid Chromatography). 

continuing calibration usually includes measurement of the 
instrument response to fewer calibration standards and requires 
instrument ·response to--compare- with--cert-ain 1imit:er {e.g;·-- ± lO~T 
of the initial measured instrument response. Continuing 
calibration may be used within an analytical sequence to verify 
stable calibration throughout the sequence, and/or to demonstrate 
that instrument response did not drift during a period of non-use 
of the instrument. 

Specific instrument calibration procedures for 
instruments are detailed in Section 7 of this QAP. 
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7.0 Analytical Procedures 

Routine analytical services are performed using standard 
EPA-approved methodology. In some cases, modification of 
standard methods may be necessary to provide accurate analyses of 
particularly complex matrices. When modifications to standard 
analytical methods are performed, the specific alterations, as 
well as the reason for the change, will be reported with the 
results of analysis. Choice of method is determined by the type 
of samples and the clientjagency program represented. These 
programs include, but are not limited to the following: 

o Drinking Water, 
o Wastewater, 
o Hazardous Waste, and 
o Air. 

For non-routine analytical services (e.g. special 
research projects, non-routine compound lists, etc.), 
of choice is selected based on client needs and 
technology. 

matrices, 
the method 

available 

The laboratory's reported method detection limits (MDL' s) are 
based on program requirements, sample matrix, and in-house 
instrument capabilities. These MDL's may be higher than 
published method detection limits. However, published MDL's are 
generally determined using clean matrices which are free of 
interferences, such as deionized water, and which are analyzed 
under optimal laboratory conditions. For actual sample analysis, 
these MDL's may not be routinely achievable. Procedures in place 
to demonstrate that reported detection limits are obtainable, are 
described in the ensuing subsections of this section. 

Individual sample detection limits may vary from the laboratory's 
routinely reported detection limits. This may be due to dilution 
requirements, variability in sample weight or volume used to 
perform the analysis, dry weight adjustment for solid samples, 
the presence of analytical background contaminants, or other 
sample-related or analysis-related conditions. 

7.1 Gas Chromatography/Mass Spectrometry (GC/MSl 

7.1.1 Tuning and GC/MS Mass Calibration 

Mass spectrometers are calibrated with perfluorotributylamine 
(FC-43) as required to ensure correct mass assignment. In 
addition, once per 12-hour shift these instruments are tuned with 
decafluorotriphenylphosphine (DFTPP) for semivolatiles analysis 
and 4-bromofluorobenzene for volatiles analysis Ion abundances 
will be within the windows dictated by the specific program 
requirements. 
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Once an instrument has been tuned, initial calibration curves for 
analytes appropriate to the analyses to be performed are 
generated for at least five solutions containing known 
concentrations of authentic standards of compounds of concern. 
These solutions are generally cocktails of the method target 
analytes. The calibration curves will bracket the anticipated 
working range of analyses. For some compounds in the calibration 
standard cocktail, such as benzoic acid, 2,4-dinitrophenol, 
2,4,5-trichlorophenol, 2-nitroaniline, 3-nitroaniline, 
4-nitroaniline, 4-nitrophenol, 4,6-dinitro-2-methylphenol, and 
pentachlorophenol, the detection is difficult at the lowest 
calibration appropriate for the majority of the compounds in the 
mix. In these instances, a four-point initial calibration will 
be acceptable. Linearity is verified by evaluating the response 
factors (RF) for the initial calibration standards. For an 
acceptable calibration, the percent relative standard deviation 
(% RSD) for the RF' s of specified Calibration Check Compounds 
(CCC's) will be <30 percent. In addition, a minimum average RF 
of o. 050 must be demonstrated for specified System Performance 
Check Compounds (SPCC's). These specified CCC's and SPCC's are 
listed in Table 7-1. 

Calibration data, to include linearity verification, will be 
maintained in the laboratory 1 s permanent records of instrument 
calibrations. 

7.1.3 GC/MS: Continuing Calibration 

During each 12-hour operating shift, a daily midpoint calibration 
standard is analyzed to verify that the instrument responses are 
still within the initial calibration determinations. The 
response factor for each target compound in the daily standard is 
calculated and recorded, then compared to the average RF from the 
initial calibration. If significant (>30%) RF drift is observed 
for the ccc•s,. appropriate corrective actions will be taken to 
restore confidence in the instrumental measurements. In 
addition, a minimum RF of 0.050 must be reported for SPCC's. 

7.1.4 GC/MS: Quality Control 

All GC/MS analyses will include analysis of a method blank, a 
method blank spike (semi-volatiles and pesticidesjPCB's), a 
matrix spike, and a laboratory duplicate in each lot of twenty 
(20) or fewer samples. The matrix spike solutions will contain 
the compounds listed in Table 3-2 and will be used for both 
matrix spikes and blank spikes. In addition, appropriate 
surrogate compounds as specified in Table 3-1 will be spiked into 
each sample. Recoveries from method spikes and surrogate 
compounds are calculated and recorded on control charts to 
maintain a history of system performance. 
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A method blank spike duplicate sample may be analyzed in place of 
the matrix spike for analytical lots of less than ten (10) 
samples. 

Audit samples will be analyzed periodically to compare and verify 
laboratory performance against standards prepared by outside 
sources. 

7.1.5 GC/MS: Detection Limits 

The laboratory's detection limits routinely used for reporting 
GC/MS data are compared with laboratory-determined instrument 
detection limits to ensure that the reported values are 
attainable. Instrument detection limits are determined from 
triplicate analysis of target compounds measured at three to five 
times the reporting limit. The calculated instrument detection 
limit is three times the standard deviation of the measured 
values. 

7. 2 Gas Chromatography (GCl 
Chromatography (HPLCl 

and High Performance Liquid 

7.2.1 GC & HPLC: Initial Calibration 

Gas chromatographs and high performance liquid chromatographs 
will be calibrated prior to each day of use. Calibration 
standard mixtures will be prepared from appropriate reference 
materials and will contain analytes appropriate for the method of 
analysis. 

Working calibration standards for initial calibration will be 
prepared fresh daily. The working standards will include a 
calibration blank and five (5) calibration standards covering the 
anticipated range of measurement. At least one of the 
calibration standards will be at or below the desired instrument 
detection limit. The correlation coefficient of this calibration 
must be equal to or greater than 0.990 to consider the response 
linear over a range. If a correlation coefficient of 0. 990 
cannot be achieved, additional standards must be analyzed to 
define the calibration curve. 

7.2.2 GC & HPLC: Continuing Calibration 

The response of the instrument will be verified for each analysis 
sequence by evaluation of a mid-range calibration check standard. 
In order to demonstrate that the initial calibration curve is 
still valid, the calibration check standard must be within 
± twenty percent (20%) recovery of the initial calibration for 
the compounds of interest or the instrument must be recalibrated. 
For multi-analyte methods, this check standard may contain a 
representative number of target analytes rather than the full 
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list of target compounds. Optionally, initial calibration can be 
performed at the beginning of the analysis sequence. 

Within the analysis sequence, instrument drift will be monitored 
by analysis of a mid-range calibration standard every 10 samples. 
The % difference (% D) in calibration factors (CF's) for the 
continuing calibration standard compared to the average CF from 
the initial calibration will be calculated and recorded. If 
significant (> 20%) calibration factor drift is observed for the 
compounds of interest, appropriate corrective actions will be 
taken to restore confidence in the instrumental measurements. 

7.2.3 GC & HPLC: Quality Control 

At least one method blank and two method spikes will be included 
in each laboratory lot of samples. Regardless of the matrix 
being processed, the method spikes and blanks will be in aqueous 
media. Method spikes will be at a concentration of approximately 
five (5) times the detection limits. 

The method blanks will be examined to determine if contamination 
is being introduced in the laboratory. 

The _____ metl:l.oc::t spikes ____ wUl J:le examined to determine both precision 
and accuracy. Accuracy will be measured by the percent recovery 
of the spikes. These recoveries will be plotted on control 
charts to monitor method accuracy. Precision will be measured by 

·· i:ne· reproauci:CiT1ty·ofnot:nmmet:noa-·spikes andwiT1-l5e-calcu1:atea 
as relative percent difference (% RPD) . These % RPD 1 s will be 
plotted on control charts to monitor method precision. 

7.2.4 GC & HPLC: Detection Limits 

The laboratory's detection limits routinely used for reporting GC 
pesticide data are compared with laboratory determined instrument 
detection limits to ensure that the reporting values are 
attainable. Instrument detection limits are determined from 
triplicate analysis of target compounds measured at three to five 
times the reporting limit. The calculated instrument detection 
limit is three times the standard deviation of the measured 
values. For non-routine compounds, the reported detection limits 
will be limited by the lowest calibration standard analyzed for 
the respective method. 

The reported detection limits for HPLC analyses are limited to 
the concentration of the lowest calibration standard analyzed on 
a particular day. The only exception to this for HPLC analyses 
are analyses conducted according to USATHAMA quality assurance 
plan," December 1985, 2nd Edition, March 1987 (U.S. Army Toxic 
and Hazardous Materials Agency, Aberdeen Proving Ground, MD 
21010-5401). 
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7.3 Atomic Absorption Spectrophotometry fAA): Flame & Furnace 

7 .• 3.1 AA: Initial Calibration 

Atomic absorption spectrophotometers will be calibrated prior to 
each day of use. Calibration standards will be from appropriate 
reference materials, and working calibration standards prepared 
fresh daily. Initial calibration will include analysis of a 
calibration blank and a m~n~mum of three (3) calibration 
standards covering the anticipated range of measurement. 
Duplicate injections will be made for each concentration. At 
least one of the calibration standards will be at or below the 
reported detection limit. The calibration curve generated must 
have a correlation coefficient equal to or greater than 0.996 in 
order to consider the responses linear over a range. If the 
correlation coefficient criteria of 0.996 are not met, the 
instrument will be recalibrated prior to analysis of samples. 

Prior to analysis of samples, the initial calibration will be 
verified using a mid-range calibration standard from a source 
other than that used for initial calibration, and an initi<1l 
calibration verification blank (ICB). The analysis result for 
the initial calibration verification standard (ICV) must be ± ten 
percent (10%) recovery of the true value. The ICB must be free 
of target analytes at and above the reporting limit. If the ICV 
or ICB are outside these criteria, the initial calibration must 
be repeated. 

Calibration data, to include the correlation coefficient, will be 
entered into laboratory notebooks to maintain a permanent record 
of instrument calibration. 

7.3.2 AA: Continuing Calibration 

The initial calibration is verified during the analysis sequence 
by evaluation of a continuing calibration blank (CCB) and a 
continuing calibration verification standard (CCV) after every 
ten (10) samples are analyzed. The response of the continuing 
calibration verification standard must be within ± ten percent 
( 10%) recovery of the true value. The continuing calibration 
blank must be free of target analytes at and above the reported 
detection limit. 

7.3.3 AA: Quality Control 

At least one method blank and two method blank spikes (laboratory 
control samples: LCS) will be included in each labortory lot of 
samples. Regardless of the matrix being processed, the LCS and 
blanks will be in aqueous media. The LCS will be at a 
concentration of approximately five (5) times the detection 
limit. 
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The method blanks will be examined to determine if contamination 
is being introduced in the laboratory and will be analyzed at a 
frequency of one per analytical lot or five (5) percent of the 
samples, whichever is more frequent. The LCS will be examined to 
determine both precision and accuracy. Accuracy will be measured 
by the percent recovery (% R) of the spikes. The recovery must 
be within the range 80-120 percent to be considered acceptable, 
with the exception of antimony and silver, due to documented 
method deficiencies in achieving reliable recovery (reference 
EPA's Contract Laboratory Program) . Additionally, the LCS % R 
will be plotted on control charts to monitor method performance. 

Precision will be measured by the reproducibility of both LCS's 
and will be calculated as relative percent difference (% RPD). 
Results must agree within twenty (20) percent RPD in order to be 
considered acceptable. The LCS RPD will be plotted on control 
charts to monitor performance. 

7.3.4 AA: Detection Limits 

The laboratory's routinely reported detection limits are compared 
with laboratory-determined Instrument Detection Limits (IDL's) on 
a quarterly basis to ensure that the reported values are 
attainable. IDI.' s ar~ ciet~rnin~ci from three nonconsecutive day's 
analysis of seven consecutive measurements of target compounds at 
three to five times the IDL. Each day's seven measured values 
are averaged and the respective standard deviation calculated. 
Three time,;-the--sta-n-da-rd -dev1-at1orrof- t:ne--a.vera-ge -of the sl:anaa:ra 
deviations obtained from the three days' analysis is defined as 
the IDL. The IDL's must be at or below the routinely reported 
detection limits. 

7.4 Inductively Coupled Argon Plasma CICPl 

7.4.1 ICP: Initial Calibration 

The inductively coupled argon plasma spectrophotometer will be 
calibrated prior to each day of use. calibration standards will 
be prepared from reliable reference materials and will contain 
all metals for which analyses are being conducted. Working 
calibration standards will be prepared fresh daily. Quarterly, 
calibration will be performed with a blank and a minimum of five 
(5) concentrations to cover the anticipated range of measurement. 
Duplicate readings will be made for each concentration. At least 
one of the calibration standards will be at or below the 
reporting limit. The calibration curve generated must have a 
correlation coefficient equal to or greater than 0.996 in order 
to consider the responses linear over a range. If the 
correlation coefficient criteria of 0.996 are not met, the 
instrument will be recalibrated prior to analysis of samples. 
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On a daily basis, the instrument will be calibrated using a 
standard at the high end of the calibration range and a blank. 
Prior to analysis of samples, the initial calibration will be 
verified using a mid-range calibration standard from a source 
other than that used for initial calibration, and an initial 
calibration verification blank (ICB). The analysis result for 
the initial calibration verification standard (ICV) must be ± ten 
percent (10%) recovery of the true value. The ICB must be free 
of target analytes at and above the reporting limit. If the ICV 
or ICB are outside these criteria, the initial calibration must 
be repeated. 

Calibration data, to include the correlation coefficient, will be 
entered into laboratory notebooks to maintain a permanent record 
of instrument calibration. 

7.4.2 ICP: Continuing Calibration 

The initial calibration is verified during the analysis sequence 
by analysis of a continuing calibration blank (CCB) and a 
continuing calibration verification standard (CCV) after every 
ten (10) samples are analyzed. The response of the continuing 
calibration verification standard must be within ± ten percent 
(10%) recovery of the true value. The continuing calibration 
blank must be free of target analytes at and above the reported 
detection limit. 

7.4.3 ICP: Quality Control 

At least one method blank and two method blank spikes (laboratory 
control sample: LCS) will be included in each laboratory lot of 
samples. Regardless of the matrix being processed, the LCS's and 
blanks will be in aqueous media. The LCS will be at a 
concentration of approximately five (5) times the detection 
limit. 

The method blanks will be examined to determine if contamination 
is being introduced in the labortory. 

The LCS results will be examined to determine both precision and 
accuracy. Accuracy will be measured by the percent recovery 
(% R) of the spikes. The recovery must be within the range 
80-120 percent to be considered acceptable. Additionally, the 
LCS % R will be plotted on control charts to monitor method 
accuracy. 

Precision will be measured by the reproducibility of both LCS and 
will be calculated as relative percent difference (% RPD). 
Results must agree within twenty (20) percent RPD in order to be 
considered acceptable. 
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The laboratory routinely reported detection limits are compared 
with laboratory-determined Instrument Detection Limits (IDL's) on 
a quarterly basis to ensure that the reported values are 
attainable. IDL's are determined from three nonconsecutive day's 
analysis of seven consecutive measurements of target compounds at 
three to five times the IDL. Each day's seven measured values 
are averaged and the respective standard deviation calculated. 
Three times the standard deviation of the average of the standard 
deviations obtained from the three days' analysis is defined as 
the IDL. The IDL's must be at or below the routinely reported 
detection limits. 

7.5 Cold Vapor Mercury Analysis: Flameless AA (CVAAl 

7.5.1 CVAA: Initial Calibration 

The initial calibration procedures are as described in subsection 
7. 3. 1 except that initial calibration requires analyses of a 
calibration blank and five (5) working standards. The 
correlation coefficient of the standard curve must be equal to or 
greater than 0.996. The initial calibration is verified by 
analysis of a calibration standard from an independent source 
prior to sample analysis. The response of the initial 
calibration verification standard must be within ± twenty percent 
(20%) recovery of the true value. If it is outside these limits, 
the __ instrument is_recalibrated. ___ -----------------------

7.5.2 CVAA: Continuing calibration 

After every ten (10) samples, a continuing calibration blank 
(CCB) and continuing calibration verification standard (CCV) are 
analyzed. The response of the CCV must be within ± twenty percent 
(20%) recovery of the true value. The CCB must be free of target 
analyte at and above the reported detection limit. 

7.5.3 CVAA: Quality Control 

At least one method blank and two method blank spikes (laboratory 
control samples: LCS) will be included in each labortory lot of 
samples. Regardless of the matrix being processed, the LCS and 
blanks will be in aqueous media. The LCS will be at a 
concentration of approximately five (5) times the detection 
limit. 

The method blanks will be examined to determine if contamination 
is being introduced in the laboratory and will be analyzed at a 
frequency of one per analytical lot or five (5) percent of the 
samples, whichever is more frequent. The LCS will be examined to 
determine both precision and accuracy. Accuracy will be measured 
by the percent recovery (% R) of the spikes. The recovery must 
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be within the range 80-120 percent to be considered acceptable, 
with the exception of antimony and silver 1 due to documented 
method deficiencies in achieving reliable recovery (reference 
EPA's Contract Laboratory Program) . Additionally 1 the LCS % R 
will be plotted on control charts to monitor method performance. 

Precision will be measured by the reproducibility of both LCS's 
and will be calculated as relative percent difference (% RPD). 
Results must agree within twenty (20) percent RPD in order to be 
considered acceptable. The LCS RPD will be plotted on control 
charts to monitor performance. 

7.5.4 CVAA: Detection Limits 

The laboratory's routinely reported detection limits are compared 
with laboratory-determined Instrument Detection Limits (IDL's) on 
a quarterly basis to ensure that the reported values are 
attainable. IDL's are determined from three nonconsecutive day's 
analysis of seven consecutive measurements of target compounds at 
three to five times the IDL. Each day' s seven measured values 
are averaged and the respective standard deviation calculated. 
Three times the standard deviation of the average of the standard 
deviations obtained from the three days' analysis is defined as 
the IDL. The IDL's must be at or below the routinely reported 
detection limits. 

7.6 

7.6.1 

Total Organic Carbon (TOC) 

TOC Initial Calibration 

The total organic carbon analyzer will be calibrated prior to 
each day of use. 

Calibration standards will be prepared from potassium hydrogen 
phthalate, and working calibration standards will be prepared 
fresh daily. The working standards will include a blank and a 
minimum of five (5) concentrations to cover the anticipated range 
of measurement. 

At least one of the calibration standards will be at or below the 
desired instrument detection limit. The correlation coefficient 
of the plot of known versus found concentrations will be at least 
0.996 in order to consider the responses linear over a range. If 
a correlation coefficient of 0.996 cannot be achieved, the 
instrument will be recalibrated prior to analysis of samples. 
Calibration data, to include the correlation coefficient, will be 
entered into laboratory notebooks to maintain a permanent record 
of instrument calibrations. 
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A continuing calibration standard and blank will be analyzed at a 
frequency of ten percent (10%) and at the end of the analysis 
shift. The response calculated as a percent recovery of the 
standard must be ± fifteen percent (15%) of the true value. The 
response of the blank must be less than the detection limit. 

7.6.3 TOC Quality Control 

At least one method blank and two method spikes will be included 
in each laboratory lot of samples. Method spikes will be at a 
concentration of approximately five (5) times the detection 
limit. 

The method blanks will be examined to determine if contamination 
is being introduced in the laboratory. The method spikes will be 
examined to determine both precision and accuracy. Accuracy will 
be measured by the percent recovery (% R) of the spikes. The 
recovery must be within the range 80-120 percent to be considered 
acceptable. In addition, % R will be plotted on control charts 
to monitor method accuracy. · 

Precisionwill be measured bythereproducibility of both method 
spikes and will be calculated as relative percent difference 
(% RPD). Results must agree within twenty percent (20%) RPD in 
order to be considered acceptable. 
-- ------ --- -- -----~-~---·--. --- . -----------·----" - - -~----- -------------- .. ____ ,.,_ --- -" --·--·-

7.6.4 TOC Detection Limits 

The detection limits are based on the concentration of the lowest 
standard analyzed. Results below the lowest standard are 
reported as below the detection limit. 

7.7 

7.7.1 

Ion Chromatography (IC) 

IC Initial Calibration 

The ion chromatograph will be calibrated prior to each day of 
use. Calibration standards will be prepared from appropriate 
reference materials, and working calibration standards for the 
ions of interest will be prepared fresh daily. The working 
standards will include a blank and a minimum of five (5) 
concentrations to cover the anticipated range of measurements. 
At least one of the calibration standards will be at or below the 
desired instrument detection limit. The correlation coefficient 
of the plot of known versus found concentrations will be at least 
0.996 in order to consider the response linear over a range. If 
a correlation coefficient of 0.996 cannot be achieved, the 
instrument will be recalibrated prior to analysis of samples. 
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Calibration data, to include the correlation coefficient, will be 
entered into laboratory notebooks to maintain a permanent record 
of instrument calibrations. 

7.7.2 IC: Continuing Calibration 

A continuing calibration standard and blank will be analyzed at a 
frequency of ten percent (10%) and at the end of the analysis 
shift. The response calculated as a percent recovery of the 
standard must be ± fifteen percent (15%) of the true value. The 
response of the blank must be less than the detection limit. 

7.7.3 IC: Quality Control 

At least one method blank and two method spikes will be included 
in each laboratory lot of samples. Regardless of the matrix 
being processed, the method spikes and blanks will be in aqueous 
media. Method spikes will be at a concentration of approximately 
five (5) times the detection limit. 

The method blanks will be examined to determine if contamination 
is being introduced in the laboratory. 

The method spikes will be examined to determine both precision 
and accuracy. Accuracy will be measured by the percent recovery 
(% R) of the spikes. The recovery must be within the range of 
80-120% to be considered acceptable. Additionally, % R will be 
plotted on control charts to monitor method accuracy. 

Precision will be measured by the reproducibility of both method 
spikes and will be calculated as relative percent difference 
(% RPD). Results must agree within twenty percent (20%) RPD in 
order to be considered acceptable. 

7.7.4 IC: Detection Limits 

The detection limits are based on the concentration of the lowest 
standard analyzed. Results below the lowest standard are 
reported as below the detection limit. 

7.8 Spectrophotometry (Colorimetric Methods) 

7.8.1. Spectrophotometry: Initial Calibration 

Spectrophotometers will be calibrated prior to each day of use. 
The calibration standards will be prepared from reference 
materials appropriate to the analyses being performed, and 
working standards will include a minimum of five (5) 
concentrations which cover the anticipated range of measurement. 
At least one of the calibration standards will be at or below the 
desired detection limit. Additionally, a calibration blank will 
be analyzed. The requirement for an acceptable initial 
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calibration will be a correlation coefficient equal to or greater 
than o. 996 in order to consider the response linear over the 
measured range. If the correlation coefficient criteria of 0.996 
is not met, the instrument will be recalibrated prior to analysis 
of samples. Calibration data, to include the correlation 
coefficient, will be entered into the laboratory notebook with 
the sample data to maintain a permanent record of instrument 
calibrations. 

Before sample analysis, an initial calibration verification 
standard is analyzed. The response calculated as percent 
recovery of this standard must be within ± fifteen percent (15%) 
of the true value or the instrument is recalibrated. 

7.8.2 Spectrophotometers: Continuing Calibration 

A continuing calibration verification standard (CCV) and blank 
(CCB) will be analyzed at a frequency of ten percent (10%) and at 
the end of the analysis sequence. The response, calculated as a 
percent recovery of the true value, must be ± fifteen percent 
(15%) of the true value. The response of the blank must be less 
than the detection limit. 

7.8.3 Spectrophotometers: Quality Control 

At least one method blank and two method spikes will be included 
in each laboratory lot of samples. Regardless of the the matrix 

-being ·-processed-,-th-e-meth-od---spike-s-a-nd -b-J:-anks·-vi-1-1- be---in--aqueous 
media. Method spikes will be at a concentration of approximately 
five (5) times the detection limit. 

The method blanks will be examined to determine if contamination 
is being introduced in the labortory. 

The method spikes will be examined to determine both precision 
and accuracy. 

Accuracy will be measured by the percent recovery (% R) of the 
spikes. The recovery must be in the range (80-120 percent) in 
order to be considered acceptable. Additionally, % R will be 
plotted on control charts to monitor method accuracy. 

Precision will be measured by the reproducibility of both method 
spikes and will be calculated as relative percent difference 
(% RPD). Results must agree within twenty (20) percent RPD in 
order to be considered acceptable. 

7.8.4 Spectrophotometers: Detection Limits 

The detection limits are based on the concentration 
standard analyzed. Results below the lowest 
reported as below the detection limit. 
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Laboratory balances will be calibrated and serviced annually by a 
factory representative. In addition, the analyst will check the 
balance before each use with two masses: one in the gram range 
and one in the milligram range. A record of calibrations and 
daily checks will be kept in the balance log. 

The Class P weights used by the analysts for daily balance checks 
will be calibrated annually against a set of Class S certified 
weights. 

7.10 Thermometers 

Oven and refrigerator thermometers will be calibrated annually 
against a National Bureau of Standards (NBS) certified 
thermometer in the range of interest. Annual calibrations will 
be recorded in a calibration notebook. Daily readings will be 
recorded with the respective oven or refrigerator. 
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GC/MS CALIBRATION CHECK COMPOUNDS (CCC 1 s) 
AND SYSTEM PERFORMANCE CHECK COMPOUNDS (SPCC 1 S) 

Volatiles 

# chloromethane 
* vinyl chloride 
* 1,1-dichloroethene 
# 1,1-dichloroethane 
* chloroform 
* 1,2-dichloropropane 
# bromoform 
# 1,1,2,2-tetrachloroethane 
* toluene 
# chlorobenzene 
* ethylbenzene 

Semi volatiles 

* phenol 
* 1,4-dichlorobenzene 
# N-nitroso-di-N-propylamine 
* 2-nitrophenol 
* 2,4-dichlorophenol 
* hexachlorobutadiene 
* 4-chloro-3-methylphenol 
# hexachlorocyclopentadiene 
* 2,4,6-trichlorophenol 
* acenaphthene 
# 2,4-dinitrophenol 
# 4-nitrophenol 
* N-nitrosodiphenylamine 
* pentachlorophenol 
* :fluoranthene 
* di-N-octylphthalate 
* benzo-a-pyrene 

* = calibration 
(exception: 
for all but 

check compounds 
di-N-octylphthalate is deleted 

specific EPA-CLP sow contracts) 
from the list 

# = system performance check compounds 

(revised January 1989) 
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8.0 Data Reduction, Validation and Reporting 

8.1. Introduction 

All analytical data are recorded into bound laboratory notebooks 
issued by the QA Coordinator. Data are recorded and associated 
with a unique WESTON sample identification number and a client 
sample identity. These pages minimally contain the following 
information: analytical method, analyst, date, reagent 
concentrations, instrument settings (as applicable), and raw 
data. 

The laboratory analysts sign and date all notebook entries daily. 
The notebook pages are reviewed periodically by the Section 
Manager. Copies of instrument outputs (chromatograms, strip 
charts, etc.) are maintained on file. 

8.2 Data Reduction 

Data reduction is performed by the individual analysts and 
consists of calculating concentrations in samples from the raw 
data obtained from the measuring instruments. The complexity of 
the data reduction will be dependent on the specific analytical 
method and the number of discrete operations (extractions, 
dilutions, and concentrations) involved in obtaining a sample 
that can be measured. 

For those methods utilizing a calibration curve, sample response 
will be applied to the linear regression line to obtain an 
initial raw result which is then factored into equations to 
obtain the estimate of the concentration in the original sample. 
Rounding will not be performed until after the final result is 
obtained to minimize rounding errors, and results will not 
normally be expressed in more than two (2) significant figures. 

Copies of all raw data and the calculations used to generate the 
final results will be retained on file to allow reconstruction of 
the data reduction process at a later date. 

8.3 Data Review/Validation 

system reviews are performed at all levels. 
analyst constantly reviews the quality of 
calibration checks, quality control sample 
performance evaluation samples. These rev1ews 
prior to submission to the Section Managers or 
Project Manager. 

The individual 
data through 
results, and 
are performed 

the Analytical 

The Section Manager andjor the Analytical Project Manager review 
data for consistency and reasonableness with other generated data 
and determine if program requirements have been satisfied. 
Selected hard copy output of data (chromatograms, spectra, etc.) 
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will be reviewed to ensure that results are interpreted 
correctly. Unusual or unexpected results will be reviewed, and a 
resolution will be made as to whether the analysis should be 
repeated. In addition, the Analytical Project Manager or Section 
Manager will recalculate selected results to verify the 
calculation procedure. 

The Quality Assurance Officer independently conducts a complete 
review of selected projects to determine if laboratory and client 
quality assurance/quality control requirements have been met. 
Discrepancies will be reported to the appropriate Section Manager 
andjor Analytical Project Manager for resolution. 

The final routine review is performed by the Laboratory Manager 
prior to reporting the results to the client. Non-routine audits 
are performed by regulatory agencies and client representatives. 
The level of detail and the areas of concern during these reviews 
are dependent on the specific program requirements. 

8.4 Data Reporting 

Reports will contain final results (uncorrected for blanks and 
recoveries), methods of analysis, levels of detection, surrogate 
recovery data, and method blank data. In addition, special 
analytical problems; ahdjor any modificatii:ms of referenced 
methods will be noted. The number of significant figures 
reported will be consistent with the limits of uncertainty 

....... -i-nhe~ent .in---the--ana.;I..yt--i-eacl--method-. --Gonsequent-ly,- -mast a-na.J.-y-tieal 
results will be reported to no more than two ( 2) significant 
figures. Data are normally reported in units commonly used for 
the analyses performed. Concentrations in liquids are expressed 
in terms of weight per unit volume (e.g., milligrams per liter). 
Concentrations in solid or semi-solid matrices are expressed in 
terms of weight per unit weight of sample (e.g., micrograms per 
gram). 

Reported detection limits will be the concentration in the 
original matrix corresponding to the low level instrument 
calibration standard after concentration, dilution, andjor 
extraction factors are accounted for, unless otherwise specified 
by program requirements. 

The final data report provided by WESTON Analytics conforms to 
one of three types: 

1. Level 1: WESTON Standard Client Report, 

2. Level 2: A Tier II Report (as specified by the 
of New Jersey). This Report provides support 
including a case narrative, quality control data, 
chain-of-custody report, 
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3. Level 3: u.s. EPA-CLP format report as described in 
WESTON OP 21-20-020, Section B, or 

4. Level 4: Tier 1 Report (as specified by the State of 
New Jersey) . This Report provides support data 
including a case narrative, quality control data, a 
methods summary, negative proofs of mass spectral 
quantitation library search "false positives", and a 
lab chronicle, and chain-of-custody for receipt and 
analyses. The basis submittal is u.s. EPA-CLP format 
(Level 3 above) with a few NJDEP-specified extras. 

8.4.1 Level 1: Standard Client Report 

The standard commercial report contains a transmittal letter and 
the following for Organic Analyses: 

o cover page describing: data qualifiers, sample 
collection, extraction and analysis dates, and a 
description of any technical problems encountered with 
the analysis, 

o spreadsheet sample data and QC result summaries, and 

o five-peak library search report for GC-MS volatiles and 
semi volatiles. 

QC for batches of twenty (20) samples or less includes a method 
blank, a method blank spike (semivolatiles and pesticide/PCB's), 
a matrix spike, a laboratory duplicate or spike duplicate, and 
surrogate recoveries. For sample batches of less than ten (10), 
laboratory duplicates and matrix spikes may be taken from other 
samples processed at the same time. Also, a method blank spike 
duplicate may be substituted for a matrix spike in smaller 
batches. 

Although the EPA CLP methodology is used for Level 1, re-analyses 
will not be required for surrogate outliers unless poor 
recoveries are determined to be due to laboratory error. 

Inorganic Analyses Level 1 reports contain a transmittal letter 
and the following: 

o cover page describing: data qualifiers, sample 
receipt, digestion and analysis dates, and a 
description of any technical problems encountered with 
the analyses, 

o sample data summary report including lab blanks, and 

o QC summary report on laboratory control samples 
(accuracy). 
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The Level 2 report contains a transmittal letter and the 
following for Organic Analyses: 

o cover page, 
o chain of custody-sample request form, 
o case narrative and laboratory chronicle, 
o tune summaries, 
o sample data results, with accompanying chromatograms and 

appropriate spectra, and 
o QC data including: 

method blanks, 
surrogate recoveries, and 
matrix spike-matrix spike duplicate recoveries. 

Inorganic Analyses Level 2 reports contain a transmittal letter 
and the following: 

o lab chronicle, 

o cover page describing: data qualifiers, sample 
receipt, digestion and analysis dates, and a 
description of any technical problems encountered with 
the analyses, 

o sample data summary report including lab blanks, 

o QC summary report on laboratory control samples 
(accuracy), 

o QC summary report on sample matrix spike (accuracy) and 
duplicate (precision analyses), and 

o chain-of-custody/analysis request form. 
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9.0 Internal Quality Control Checks: Laboratory 

The daily quality of analytical data generated in the WESTON 
laboratories is controlled by the implementation of this 
Analytical Laboratory Quality Assurance Plan. The types of 
internal quality control checks are described in this section. 

o Method Blanks. Method blanks usually consist of 
laboratory reagent grade water treated in the same 
manner as the sample (i.e., digested, extracted, 
distilled, etc.) which is then analyzed and reported as 
a standard sample would be. 

o Method Blank Spike. A method blank spike is a sample 
of laboratory reagent grade water fortified (spiked) 
with the analytes of interest which is prepared and 
analyzed with the associated sample batch. Method 
blank spikes are not included with volatiles analyses 
since the same function is served by the calibration 
standard analysis. 

o Laboratory Control Sample for Inorganics. This is a 
standard solution with a certified concentration which 
is analyzed as a sample and is used to monitor 
analytical accuracy. (Equivalent to a method blank 
spike) • 

o Matrix Spikes. A matrix spike is an aliquot of an 
investigative sample which is fortified (spiked) with 
the analytes of interest and analyzed with an 
associated sample batch to monitor the effects of the 
investigative sample matrix (matrix effects) on the 
analytical method. Matrix spikes are performed only in 
association with selected protocols. Frequency of 
matrix spikes will be specified in the project-specific 
Quality Assurance Project Plan. 

o Laboratory Duplicate Samples. Duplicate samples are 
obtained by splitting a field sample into two separate 
aliquots and performing two separate analyses on the 
aliquots. The analysis of laboratory duplicates 
monitors sample precision; however, it may be affected 
by sample inhomogeneity, particularly in the case of 
nonaqueous samples. Laboratory duplicates are 
performed only in association with selected protocols 
and at the client's request. Frequency of duplicates 
will be specified in the project-specific Quality 
Assurance Project Plan. 

o Known QC Check Sample. This is a QC sample of known 
concentration obtained from the U.S. EPA, the National 
Bureau of Standards (NBS) or a commercial source. This 
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QC sample is to check the accuracy of an analytical 
procedure. It is particularly applicable when a minor 
revision or adjustment has been made to an analytical 
procedure or instrument. 

9.1 QC Monitoring 

The analyses of quality control samples are entered 
chronologically onto quality control charts specifically 
maintained for each analytical procedure. These control charts 
are labeled with upper and lower warning and control limits, the 
analysis which is being charted and the value (e.g., %recovery, 
% RPD, etc.) which is being monitored. Control charts are 
updated monthly and are used to demonstrate method performance 
and help identify system errors. 
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10.1 External Audits 
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WESTON participates in several external audits sponsored by State 
Regulatory Agencies and the U.S. EPA. These audits include 
performance and system audits. 

The performance audits are in the form of blind performance 
samples submitted by the auditing agency. System audits involve 
on-site evaluation of the WESTON laboratory systems. A 
representation of the number, type, and auditing agency are 
summarized in Table 10-l. WESTON is certified in over states, 
and many of these states (e.g., Ohio, Utah, Colorado, etc.) also 
perform on-site audits as part of their certification 
requirement. 

10.2 Internal Audits 

The laboratory QA Coordinator has overall responsibility for 
monitoring the internal Quality Assurance/Quality Control 
program. The QA Coordinator has a staff to provide in-house 
audits, and to review and validate analytical data packages. The 
QA Coordinator is also responsible for scheduling and 
coordinating external systems audits and reviewing data for 
performance samples received. 

The QA Coordinator supplies blind performance samples to the 
laboratory at least semi-annually. 

The QA Coordinator audits laboratory systems and procedures at 
least once annually. Unique client audit procedures and data 
requirements will be complied with as contractually specified. 
The internal audit consists of a review of laboratory systems, 
procedures and documentation. Any deficiencies and/or deviations 
are documented and a summary report is prepared. (See also 
Section 13) 
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EXTERNAL PERFORMANCE AND SYSTEMS AUDITS 
WESTON ANALYTICAL LABORATORIES 

Agency Parameters ~ Frequency Reguire1 for 

Illinois EPA WS-wP Perfonnance Semi -annually Water ;waste 
System Water Cert. 

NY Dept of WS-wP Perfonnance Semi -annually Water ;waste 
Health Water Cert. 

NY state Inorganic- Perfoz:mance EPA CLP Qtrly State 
Dept. Env. Organic Blin.:i Analytical 
Conserv. 'ICL System Contract 

NJ Dept. of WS-wP Perfoz:mance Annually Water ;waste 
Environ. System Every 2 Yrs. Water Cert,' 
Protection 

Haz.Waste Perfoz:mance EPA CLP Qtrly Haz.Waste 
AppJ::QVal. 

Oklahoma WRB WS-wP Perfoz:mance Semi-annually Water ;waste 
Water Cert. 

---------~--------- ----~---"-~----"----- ""-" ---"----

PA Dept. of ws Perfoz:mance Annually Water Cert. 
Environ. Res. System Every 2 Yrs. 

Haz.Waste Perfoz:mance EPA CLP Qtrly state Anal. 
Contract 

U.S.EPA Inorganic- Perfoz:mance Quarterly SUperfurxi 
Organic System Every 2 Yrs. Related 
'ICL Analytical 

Work 

u.s. Army Inorganic- Perfoz:mance As Contract Water ;waste 
Co:rps of Organic System Requires Water, 
Engineers SUperfurxi 

(DERA) Analytical 
Work 

o last on-site by U.S.EPA was perfoz:med in May 1988 
o last PA DER on-site was performed in May 1987, arxi last IEPA on-site was 

performed in September 1988. 

ws = Water Supply (Drinking Water) 
WP = Water Pollution (Wastewater) 
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11.1 Introduction 
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The ability to generate valid analytical data requires that all 
analytical instrumentation be properly and regularly maintained. 
The WESTON Analytical Laboratory maintains full service contracts 
on all major instruments. These service contracts not only 
provide routine preventative maintenance but also emergency 
repair service. The elements of the maintenance program are 
discussed in the following sections. 

11.2 Instrument Maintenance Log Books 

Each analytical instrument is assigned an instrument log book. 
All maintenance activities are recorded in the instrument log. 
The information entered in the instrument log includes: 

1. date of service, 
2. person performing service, 
3. type of service performed and reason for service, 
4. replacement parts installed (if appropriate), and 
5. miscellaneous information. 

If service is performed by the manufacturer, a copy of the 
service record is taped into the page facing the notebook page 
where the above information is entered. 

11.3 Instrument Calibration and Maintenance 

The routine calibration procedures used for analytical 
instrumentation are described in Section 6 and shown in 
Table 11-1. Preventative maintenance and calibration by 
manufacturer service representatives are provided on a routine 
basis. 

The maintenance procedures and frequencies for major analytical 
instrumentation are given in Table 11-2. 

WESTON service agreements provide for preventative maintenance, 
emergency service, and emergency shipping of spare parts. For 
emergency response, service contracts on the Gas Chromatographs, 
GC/MS instruments and AA-ICP require on-site response within 
48-72 hours. (Typically, service representatives are on site 
within 24 hours of a service call.) The service contracts also 
provide for 24-hour delivery of critical spare parts in response 
to a service request. 
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11.4 Spare Parts 

WESTON Laboratory maintains an inventory of routinely required 
spare parts (for example, spare sources, vacuum pumps and 
filaments for GC/MS, spare torches, burner heads for AA-ICP). 

The instrument operators have the responsibility, 
appropriate section Manager, to ensure that an 
inventory of spare parts is maintained. 
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CALIBRATION FREQUENCY AND MECHANISM FOR MAJOR INSTRUMENTS 
WESTON ANALYTICAL LABORATORY 

Instrument 

GC/MS 

GC (Hall, 
PID,EC,NPD, 
FID, FPD) 

HPLC 

AA 

ICP 

Ion 
Chromatograph 

Spectra-
photometers 

Technicon 
AutoAnalyzer 

Conductivity 
Meter 

Analytical 
Balance 

Ovens 

Frequency 
of Calibration 

Daily (or 
every 1.2 hrs) 

Daily (or more 
frequently as 
required) 

Daily 

Daily (or more 
frequently 

Daily (or more 
more fre-
quently) 

Daily 

Daily 

Daily 

Daily 

Daily, when 
used 

Quarterly 
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Standard 

Standard soln 
of analytes 
to be measured 

Standard soln 
of analytes 
to be measured 

Standard soln 
of analytes 
to be measured 

standard soln 
of analytes 
to be measured 

standard soln 
of analytes 
to be measured 

standard soln 
of analytes 
to be measured 

Standard soln 
of analytes 
to be measured 

Standard soln 
of analytes 
to be measured 

Standard soln 
of analytes 
to be measured 

Class S wts. 
(NBS cert) 

Thermometer 
(NBS-cert) 

Indicator 
Parameters 

Response
Sensitivity 

Retention Time 
Response
Sensitivity 

Retention Time 
Response
Sensitivity 

Response 
Linear Range 

Response 
Linear Range 

Retention Time 
Response 

Response 
Linear Range 

Response 
Linear Range 

Response 

Accuracy 

Accuracy 
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INSTRUMENT MAINTENANCE SCHEDULE 
WESTON ANALYTICAL LABORATORY 

Instrument 

Gas Chromatograph-Mass Spectrometer 

Gas Chromatographs 

GC Detectors 
(FID,EC,PID,Hall,NPD,FPD) 

High Performance Liquid 
Chromatographs 

Atomic Absorption Spectrometer 
(Flame and Furnace) 

Inductiyely Coup].~ci :P].asma 
Spectrophotometer 

Analytical Balance 

Ion Chromatograph 

Spectrophotometers 

Cold Vapor Mercury AA 

Technicon Autoanalyzer 

Conductivity Meter 

Ovens 

pH-Specific Ion Meter 

G-104 

Preventative Service 
Maintenance Contract 

Semi-annually Yes 

Semi-annually Yes 

As needed Yes 

As needed No 

Semi-annually Yes 

Semi-annually Yes 

Annually Yes 
. . .. ·-·"'-~----·-------·- - - - --- ------

Annually Yes 

As needed No 

As needed No 

As needed No 

As needed No 

As needed No 

As needed No 



12.0 Procedures Used to Assess Data Quality 

12.1 Introduction 
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The QA objectives for precision, accuracy, and completeness were 
given and discussed in Section 3. All analytical data are 
reviewed relative to these criteria and specific project 
requirements to assess the quality of the analytical data. Where 
all criteria are met, data are deemed acceptable without 
qualification. Where precision and accuracy goals are not met, 
the sample set is re-analyzed or reported with qualification in 
the case narrative. Some of the factors affecting this final 
sample disposition include: 

o project-specific QA/QC requirements, 
o availability of sufficient sample for re-analysis, 
o holding time considerations, and 
o regulatory action limits. 

12.2 Precision 

Precision is measured through analyses of replicate QC controls 
and field samples. Results from these measurements are 
calculated as relative percent difference (% RPD) or percent 
relative standard deviation (% RSD) and evaluated according to 
the criteria set forth in subsections 3.3-3.3.2. Laboratory QC 
control samples are used to demonstrate acceptable method 
performance, and are used to trigger corrective action when 
control limits are exceeded. 

Precision measurements from field samples give an indication of 
sample homogeneity. Problems with sample homogeneity are more 
likely to occur with soil and sediment samples, water samples 
containing a noticeable amount of solids, and non-standard 
matrices. 

12 • 3 Accuracy 

Accuracy is measured through the analysis of fortified reagent 
free matrices and fortified field samples. Results from these 
measurements are calculated as percent recovery and evaluated 
according to the criteria set forth in subsections 3. 2-3. 2. 2. 
Laboratory QC control samples are used to demonstrate acceptable 
method performance, and are used to trigger corrective action 
when control limits are exceeded. 

Accuracy measurements from field samples give an indication of 
physical or chemical interferences present which can either 
enhance or mask the actual presence of target analytes. 
Determination of percent recovery (% R) requires analysis of a 
fortified sample and a non-fortified sample, so that any 
background analyte already present in the sample can be accounted 
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for in the recovery determination. Thus, sample homogeneity also 
becomes a factor in recovery determinations, as variable 
background can affect the apparent analyte recovery. Problems 
with sample recovery are more likely to occur with soil and 
sediment samples, water samples containing a noticeable amount of 
solids, and non-standard matrices. 

12.4 Completeness 

Completeness has been defined in subsection 3.4 as a measure of 
the amount of analytical data generated by an analytical method 
or system meeting all accuracy and precision criteria. As 
stated, the minimum goal for completeness is 80% and the ability 
to exceed this goal (especially for organic TCL analyses) is 
dependent on the applicability of the analytical methods to the 
sample matrices analyzed. However, even if data have not met 
this laboratory definition of data able to be. reported without 
qualification, project completion goals may still be met if the 
qualified data, i.e. data of know quality even if not perfect, is 
suitable for specified project goals. 

G-106 



13.0 corrective Action 
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The initial responsibility to monitor the quality of an 
analytical system lies with the analyst. In this pursuit, the 
analyst will verify that all quality control procedures are 
followed and results of analysis of quality control samples are 
within acceptance criteria. This requires that the analyst 
assess the correctness of all of the following items as 
appropriate: 

o sample preparation procedure, 
o initial calibration, 
o calibration verification, 
o method blank result, 
o duplicate analysis, 
o laboratory control standard, and 
o fortified sample result. 

If the assessment reveals that any of the QC acceptance criteria 
are not met, the analyst must immediately assess the analytical 
system to correct the problem. The analyst notifies the 
appropriate supervisor and the QA Coordinator of the problem and, 
if possible, identifies potential causes and corrective action. 

The nature of the corrective action obviously depends on the 
nature of the problem. For example, if a continuing calibration 
verification is determined to be out of control, the corrective 
action may require recalibration of the analytical system and 
reanalysis of all samples since the last acceptable continuing 
calibration standard. 

When the appropriate corrective action measures have been defined 
and the analytical system is determined to be "in control", the 
analyst documents the problem, and the corrective action. Copies 
of the form summarizing these actions are provided to the 
Section Manager and QA Coordinator. 

Data generated concurrently with an out-of-control system will be 
evaluated for usability in light of the nature of the deficiency. 
If the deficiency does not impair the usability of the results, 
data will be reported and the deficiency noted in the case 
narrative. Where sample results are impaired, the Laboratory 
Project Manager is notified and appropriate corrective action 
(e.g., reanalysis) is taken. 

The critical path for assessing the correctness and acceptability 
of analytical data is shown in Figure 13-1. 
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FIGURE 13-1 

CRITICAL PATH FOR CORRECTIVE ACTION 
IN THE WESTON LABORATORY 

OUT OF CONTROL SYSTEM 

I 
ALERT SECTION MANAGER AND QA COORDINATOR 

I 
REVIEW PROCEDURES AND ASSESS PROBLEM 

. 

I 
DEFINE CORRECTIVE ACTION ALTERNATIVES 

I 
---- --- -'rAKE--CORRECTIVE-A-cTION- -·--------

SYSTEM IN CONTROL No REDEFINE CORRECTIVE 
ACTION ALTERNATIVES 

I SAMPLE REANALYSIS REQUIRED f-- Yes 

I 
No 
I 

RELEASE DATA FOR REPORT 

I 
REPORT DATA 
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14.0 Quality Assurance Reports to Management 
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The QA Coordinator provides quarterly and annual reports to the 
WESTON management. These reports summarize QA activities for the 
reporting period including results of performance audits 
(external and internal), results of system audits (external and 
internal), summaries of corrective action to remedy out of 
control situations and recommendation for revision in laboratory 
procedures to improve the analytical systems. The Project 
Manager will be notified immediately of laboratory QA situations 
requiring immediate corrective action. 
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